Validation du code NS3IFS et comparaison avec des données expérimentales pour des écoulements autour de tabliers de ponts by Bournet, Pierre-Emmanuel
Validation du code NS3IFS et comparaison avec des
donne´es expe´rimentales pour des e´coulements autour de
tabliers de ponts
Pierre-Emmanuel Bournet
To cite this version:
Pierre-Emmanuel Bournet. Validation du code NS3IFS et comparaison avec des donne´es
expe´rimentales pour des e´coulements autour de tabliers de ponts. [Rapport de recherche] RR-
3875, INRIA. 2000, pp.56. <inria-00072779>
HAL Id: inria-00072779
https://hal.inria.fr/inria-00072779
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--3
87
5-
-F
R ap por t  

de  r ech er ch e 
THÈME 4
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Validation du code NS3IFS et comparaison avec des
données expérimentales pour des écoulements
autour de tabliers de ponts
Pierre-Emmanuel Bournet
N° 3875
Janvier 2000
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)
Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65
 	
ﬀﬁﬂﬃ !
"#$&%'()*+-,./0	/)
1//)234%51/'6$&7
(/)8%5'9	/)91/#7$&7
()8
:'"

(.;/'()8	<%=
()
>@?BADCECFAHGI@JKJMLONQP6ASRUTWVPCEN6AHX
Y[Z]\^`_aWbdcfeg^h]ikjmlnepoDq_l/oHrslnep^`ektujvluegoHq
w _.tuxftylu\F^`_Ft/zoD^`r]ip_{s_Ft
|~}nov_lUjveg^`jHq
-jvr]rOoH}ul
w
_@}u_EzZ]_}zZ]_qO~HSHb+ŁDjvqffep_F}/HHDb+HrjvH_Et
fEM[jvqtz_W}jvr]rOoH}ulFOq]oHht-q]oDhtepqSln}n_FtntyoDqtUjHhs{__lt
w
h5D_qSljHhsluoDh]}
w
_`r]}uoHikt
w
_
rOoHqSl-FipF^`_qSlnjHep}n_FtF ¡~q¢}nDep^`_@ikjv^`egqjveg}u_Dr]ightuep_Fh]}t/lnh
w
_FtUoHqSl
w
yy£4lu._O_Ez¤luh_Ft-oHh¢tuoHqSl-_Fq
zoHh]}t`¥g¦F§s#¦¨© *¡~igip_Et.oHqSlrO_}n^`egt
w
_4}n_r]}no
w
h]eg}u_ªSh]_ikªSh]_Ftzjv}jHzluF}uektlnegªSh]_EtHigoH«jHip_Et@zoD^W^`_ig_Ft
zof_¬4zeg_qSlnt­jv}nofikjHtyluekªSh]_FtF H#_rO_q
w
jHqSlFvikjr]}nFtu_qz_
w
_/iB® oH«tljHzig_/HFq]\}n_
w
_7ikjluh]}n«]h]ig_qz_
w
oDqDl
i¯® __l°tyh}(ig_zZjv^`r
w
_r]}n_FtntyegoHqªDheftu_
w
D_igoHr]rO_jHhsluoDh]}
w
hr]}noviS_Etl6^jviszoDq]qfhQ m±°® oH«s_Ez¤lne³²_Etl
ekze
w
_7ln_Ftylu_F}­_lmjvige
w
_F}­ig_Ft­^Wo
w
\Fip_Et
w
_-luh]}n«]h]ig_qz_-^`ekt­jHhroDepqSl#rjv}#´ SU_mjHhs{	¥ m¨
w
jvqt°ig_FtzjHt
tylnjvluekªSh]_FtF ±*_Ft
w
oHq]q_Ft
w
ektyrOoHq]eg«]ig_Ft-²µoHh]}nq]eg_FtUrjv}Uip_[csY/¶
w
_´UjvqSlu_Et-rOoH}ulu_FqSlUtyh}Uig_FtzZjv^`rt
w
_Ur]}n_FtntuepoDqjvh]luoHh}
w
_ln}uoDegt#^jHªSh]_lulu_Et·S}n_FzlnjHq]Hig_U^`egqz_oHh	rjvektSfegj
w
hz
w
_@¸epigikjvhQ ]±­® luh
w
_
_Etl/²µoszFjvigegtu_.tuh]}-i¯® hsluegipektnjmluegoHq
w
h^`o
w
\Fip_¹Wº¼»
w
oHqSl7oHq
w
oHq]q]_@hq]_
w
_Etuz}uegrsluegoHqzoH^`r]ig\lu_D U_Ft
ln_Ftylnt
w
_ty_Fqtuep«]egige³lntyoDqSl[_O_Ez¤lnh]FtUj½½jHqSl
w
_@r]}nofz
w
_F}-jvh]{	tuep^h]igjvluegoHqt[r}uoDr]}u_F^`_qSl
w
eplu_FtF O¾igov¿
«jvig_^`_qSlFSig_Ft}uEtyhi³ljmlnttuoHqSljDtutu_ÀU_qzoHh]}jvD_FjvqSlt D¸Á^`_tueOip_^`o
w
\ig_¹º»r]}nFtu_qSlu_ªSh]_ikªSh]_Ft
w
zep_Fqz_Et
w
jvqt[ig_Ft[ÀFoHq]_Et
w
_}u_Ezeg}nzh]ikjmluegoHq*SegiÂ}n_r]}no
w
h]epl/ªShjHipeplnjvluegH_F^W_FqSl[_l-ªShjvqSlueplnjvluegH_F^W_FqSl
ig_Ft[oD«tu_}n½jvluegoHqt_{frO}neg^W_FqSlnjvig_FtF 
ÃÅÄÆEÇÈHÉµf	MegqSlu_}jHzluegoHqÊh]e
w
_¿Ëtylu}nhz¤lnh]}u_Ds__lt
w
hH_FqSlFsig^`_FqDlt[q]ektFsluh]}n«]h]ig_qz_H^Wo
w
\Fip_
Ì
¿Ë»S
w
oHq]q_Ft[_{srF}ueg^`_qSlnjHip_Et
Í*ÎEÏyÐ/ÑÒ½Ñ°ÓBÑÔ©Î½ÑÓÕÔ©Î½Ñ­Ö]×ÂØ×:ÙµÑËÚHÑËÛ¯Ü*Ò½Ý-ÞÑyßÛ(Ü¯Ý½ÓQàáÑÜQÜBÛBÓBÝ½ÔËÛBÝ½ÓÕÑyÜÒ½Ñ~â¤ãß½äáÑ~Ôä ÞEäáà å
  F	



:ﬀﬁ@ﬂOﬃ d< $&%	.'6)* 

34%5/'6$&7
(5'/)(	
()

'")2%	.)Â
";	'6
	.0	/`)
 FÆ]ÈHÆHËq luZegtr]}n_igeg^WegqjH}ux¢}n_rOoH}ulF#_W²µoszhtoDq/egq w __Fzlnt.jH}uoDh]q w _ig_^`_qSlnjH}ux5«]}ue w D_
w _Fz Ì t ]oD}Uikjv^`egqjv}UÊo7tFOtu_D_}jvitlnh w eg_FtZj½H_«_F_qzoHq w hz¤ln_ w oD}jH}u_Wtlnepigi6HoDepq]:oHqK¥g¦F§s6¦¨¯ 
Y[Z_x4tuhzz__ w epq}u_Fr]}no w hzegq]tuoH^`_UHigoH«jHiOzZjH}njDz¤ln_}negtyluekzt#tyhzZ	jHt­luZ]_@jH_}noS_FigjDtlnegz-zof_¬4zeg_qSlt 
-o#_FH_F}FluZ]_`«Oo w x5z}n_Fjvlu_Et7lnh]}u«h]ip_Fqz_`oH²ﬀ/Z]ekzZ¢luZ_W_O_Ez¤l@oHq5luZ]_`r]}n_Ftntuh]}u__i w jv}noHh]q w luZ]_
tylu}nhzluh]}n_/egt#tlnepigiqovl#tuoﬁ#_Fipi Ì q]o/qQ 6Y[Z]_7oH«]_Fz¤lnepD_/Z]_}n_/ekt~luo.lu_Ftyl#jHq w mjvige w jvlu_/lnZ]_/lnh]}u«h]ip_Fqz_
^`o w _Figt-ep^`r]ig_^`_qSln_ w «fx´. U_mjHhs{¼¥ ½¨²µoH}UtljmluekzzFjHtu_FtF Y[Z_j½mjvegigjH«]ig_ w jmlj`r]}uomfe w _ w «fxluZ]_
[c]Y/¶ﬃﬂÕ´UjvqSlu_Et  w _Fjvi!/e³lnZr]}u_Etutuh]}n__i w t­jH}uoDh]q w luZ]}n__/^`o w _FigtF·QlnZ]epq4jHq w luZegz Ì }u_Ez¤lnjHq]Hig_HHSekjm¿
w hz[ov²Â¸epigikjvhQ 6Y[Z]_/r]}n_Ftu_qSl°tlnh w x.oDq]igxzoDqz_F}uqt*lnZ]_-¹#ºW»7^Wo w _Fi"/Z]ekzZ`egt w _Etuz}ueg«O_ w epq w _lnjvegikt 
cs_qtue³lnepfeplx	lu_FtylntjH}u_ w oHq]_«_²µoH}n_lnZ]_`tyeg^h]ikjmlnepoDqtjv}n_.igjHh]qzZ]_ w  .¾_q]_F}njHipigxtyrO_Fj Ì epq]}u_Etyh]iplnt
jH}u__qzoHh]}jvDepq ¡~H_Fq5ep²­luZ_`¹4ºK»`^Wo w _Fi w ektuzipoSty_Et-tuoH^`_ w egtnz}n_rjHqzeg_FtUegq¢luZ_W}n_Fzep}zhigjvluegoHq
ÀFoHq]_Etsepl7}n_r]}no w hz_Et[ªDhjvige³ljmluegH_Fipx4jHq w ªShjvqSlueplnjvluegH_Fipx`lnZ]_@_{srO_}nep^`_qSljviÂoH«ty_F}umjmlnepoDqtF 
#%$'&Ç (Ä!)H*iph]e w ¿Ëtln}uhz¤luh}u_epqSlu_F}njDz¤lnepoDqQ/epq w __Fz¤lt°q]eplu_:_Fip_F^`_qSlntF6luh]}n«]h]ig_qz_H¹:º »
^`o
w
_FiB]_{sr_F}ueg^`_qSlnjHi
w
jmlnj
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 
6
;	0	/)"$&
6&7/'/)
8:9.;
Æ mÄ )(ÈvÆﬀ<µÄ
; =
>@?
&QÆﬀAs $%)CBgEDQ sÆﬀ<µÄ
;
 F
] p¦HG­ªDhjmluegoHqt w _.´-j½feg_}u¿ËcSlno Ì _Ft#^WomxD_q]q_Ft	  @ @  @  @  @  @ @  @  @  @ @  @  
]   ¸o w \ig_ Ì ¿Ë»  @  @ @  @  @  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  
]   #oDq w epluegoHqt/jHhs{:igep^`eplu_Et   @  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  
]   p¦ #oHq w epluegoHqt w ® _FqSlu}n_  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  
]     #oHhzZ]_igep^`eplu_lnh]}u«h]ip_FqSlu__l7igoHe w _rjv}noHe8  @  @  @ @  @  @  @ @  @  
IKJ
Ä
;L;
'$f )L<µM­Ä
;
<  É $f N
O@P
mf $
;
Æ sÆ<µÄ
;
)6 ÈHÄ )$
8RQ
a p¦HS-^`igepoD}njvluegoHqt}nFz_FqSlu_Ft w _.´Ucs  6c   @  @ @  @  @  @  @ @  @  @  @ @  @ ¦E
a   Y(}jveplu_^`_FqDl w _Et7zoDq w epluegoHqt/jHhs{:igep^`eplu_Et   @ @  @  @  @  @ @  @  @  @ @  @ ¦D¦
=@?
<Õ5(É sÆﬀ<µÄ
;
$
;
mRTU<B $¢Æ sÆ<DQ$
8U8
] p¦ ¸¢jHªSh]_lulu_Et[hsluegipektu_Ft   @  @  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @ ¦½
]   #oDq
w
epluegoHqt[egq]epluekjvig_Ft/_l-jvhs{ipeg^`e³ln_Ft. @  @  @ @  @  @  @  @ @  @  @  @ @  @ ¦Fa
]   Y(_Ftylnt
w
_@ty_Fqtyeg«]egipeplu   @  @  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @ ¦Fa
]   p¦ cf_qtueg«]epigeplu.jvh	^jvegipikjvD_  @  @  @  @ @  @  @  @  @ @  @  @  @ @  @ ¦Fa
]     cf_qtueg«]epigeplu.jvh	rjDt
w
_lu_F^Wrt0  @  @ @  @  @  @  @ @  @  @  @ @  @ ¦E
]     cf_qtueg«]epigeplu.jvh	rjH}njH^W\lu}n_WV  @  @  @ @  @  @  @  @ @  @  @  @ @  @ ¦E
]    a cf_qtueg«]epigeplu.jvh	^`o
w
\ig_
w
_luh]}n«]h]ig_qz_@ @  @  @  @  @ @  @  @  @ @  @ ¦E§
]     cf_qtueg«]epigeplu.jvh	q]oD^«]}n_
w
_@/_xfq]oDi
w
t  @  @  @  @  @ @  @  @  @ @  @  ]¦
]     #oHqziphtuegoHqt
w
_Et[lu_Etlt @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  D
]  a ¸¢jHªSh]_lulu_
w
hfekj
w
hz
w
_.¸egigigjHh @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  H
]  a p¦ cfep^h]ikjmluegoHqt[__Fz¤lnh]_Et< @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  va
]  a   #oHq
w
epluegoHqt[_{srF}ueg^`_qSlnjHip_EtigjH^WegqjHep}n_Ft  @  @  @  @ @  @  @  @ @  @  D
]  a   #oHq
w
epluegoHqt[_{srF}ueg^`_qSlnjHip_Et#luh]}n«]h]ig_qSlu_Et  @  @  @  @ @  @  @  @ @  @  D
]   XUh_ikªDh_Ft[}nFtuh]i³ljmlt/tyh]}/ig_Ft[^jDªDh_lyln_Ft
w
_.tu_FzluegoHq	}u_Ez¤ljvq]Dh]igjHep}n_ @  @  @ @  @  S
]  ] p¦ cf_FzluegoHq	}u_Ez¤lnjHq]HhigjHep}n_
w
® Frjvektutu_h}aSz^  @  @  @  @ @  @  @  @ @  @  S
]  ]   cf_FzluegoHq	}u_Ez¤lnjHq]HhigjHep}n_
w
® Frjvektutu_h}[Dz^  @  @  @  @ @  @  @  @ @  @  D
FZYÄ
;
ÈDÉÕ*ﬀ<µÄ
;

OQ
[
J
<µEÈD(Fﬀ<µÄ
;
$DÆ
P
$ mﬀM $fÈvÆﬀ<]\ $f
OI
s p¦ UektuzhtutuegoHq  @  @ @  @  @  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  aS
s   UD_igoHr]rO_^`_FqDlt[_qffegtnjvD_FjH«]ip_Et @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  aDa
^_^ ß`/a!b&cd
a   &"!") , ,-//.#"! &

 Éµs $
;
ÆF  <  É<µÄUT  M
	 < DQ $f4½ :É $SÉÕÄU<µ )$ M mÄU<
O =
S p¦ -jvr]rO_ikt7tuh]}/igj`zoHhzZ]_igep^`eplu_lnh]}u«h]ip_FqSlu_  @ @  @  @  @  @ @  @  @  @ @  @  af
S   ±*oHe w _@rjv}noHe_q}nHeg^`_@tljmluekªSh]_   @  @  @ @  @  @  @  @ @  @  @  @ @  @  aS
S  ] p¦!±QoHeÂigoHSjv}ne³lnZ]^`egªSh]_U @  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  as
S  ]   ±QoHe w _./_ekzZjv} w l8 @  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  as
S  ]   Y*}jveplu_F^W_FqSl[qfh]^`F}uekªSh]_8 @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  aS
S   ±*oHe w _@rjv}noHe_q}nHeg^`_ w xfqjv^`ekªDh_   @  @ @  @  @  @  @ @  @  @  @ @  @  H
S  a #oDqzightuepoDqt  @  @ @  @  @  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  ]¦
 YÄ¼ $
;
Æ  < $fE:É $f`ÄQÆﬀ<µÉµ )E\ $fÉµÄM_M°f
=U>
¶ g¦ ¸¢jvegipikjvD_  @  @  @ @  @  @  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  D
¶ á XUh_ikªDh_Ft w FH_igoHrr_F^W_FqSlnt w hzo w _   @  @ @  @  @  @  @ @  @  @  @ @  @  D
¶   |°}uoDH}jv^`^`_FtrF}uegr]Z]F}uekªSh]_Ft  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  D
¶  a&¸¢jHz}noDt w _@D}njHr]Z]ekty^`_ @  @  @ @  @  @  @ @  @  @  @  @ @  @  @  @ @  @  va
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 
 
ﬂ
(':­

±(j.ln_qfh]_ w _Ft#oHh]f}jvD_Ft w ® jH}yl#¿6_l w _FtroDqSlnt_qrjv}uluekzh]igeg_}°¿°jHh4²µoH}jHH_7FoHigep_Fq:j²Õjvepli¯® oD«s_l
w _q]oD^«]}n_htu_Ft7luh w _Ft¥ DfÂvsQH½¨(ljvqSl-_{srO}nep^`_FqDljvig_FtUªDh_.luZoH}nekªDh_FtF ±*j:HFoH^`ln}ueg_ w _z_Ft
oDh]f}njHH_EtÂty_F^«]ig_ w lu_}n^`epqjvqSlu_ w jvqt*ip_zoH^`rOoH}ulu_F^W_FqSl(jvF}uofikjHtyluekªSh]_ w _°ikj-tylu}nhzluh]}n_H m#oH^`^`_°ip_
tuoHhipegHq]_[FDjvig_^`_FqDl#c]zjvqigjHq	¥ávm¨¯Digjlnh]}u«h]ip_Fqz_°oHh]_7jHhtutue]r]}noH«jv«]ig_^`_qSl°h]q}Hig_/eg^WrOoH}ulnjHqSlF  Ëi
tuh]DH\}n_[^`Á^`_-ªSh]_/ikjluh]}n«]h]ig_qz_7r]hegtnty_7jH«tuoH}n«_F} w _7i¯® Fq]_}nHeg_/_l#jHepqtye¯ w ® h]q]_Uz_}ulnjHepq_/^`jHq]eg\}n_
 tylnjv«epigegtu_}Ui¯® EzoDh]ip_F^`_qSl@¥ DE¨¯ 
jvqt~z_ w ofzh]^`_qSlFmqoHht6jv«OoH} w _F}uoDqt*_Etutu_qSlnep_Fipig_^`_qSl6iB® __l w _[ikj7lnh]}n«]h]ig_qz_[tuh]}6h]q]_/tylu}nhz¤¿
lnh]}n_-]{s_tyoDh]^`egtu_U£h]qzZjv^`r w _H_FqDl[ikjv^`epqjveg}u_UoHhlnh]}u«h]ip_FqSlF s±*j}u_Fr]}nFtu_qSlnjvluegoHq4j w oHrsln_-_Etl
«e w eg^`_qtuegoHq]q]_Fipig__llu}noHekt.zoDqsHh}njvluegoHqtHFoH^`ln}uekªSh]_Ft@tuoHqSltuhzz_FtntyegH_F^`_qSllu_FtyluF_Ft*·Qh]q¼}n_Fz¤¿
ljvq]Dip_#^`epqz_ w _}jvr]rOoH}ul w ® jHtur_Ez¤l6]Eh]q}n_FzlnjvqHig_°rjHegt w _#}njHr]roD}yl w ® jHtur_Ez¤l(aU_l6h]q]_#HoD^`lu}neg_
riphtzoD^Wrip_{f_4zoH}n}u_EtyrOoHq w jvqSl@£h]q]_:tu_FzluegoHq w h¼fegj w hz w _:¸epigikjvhQ ±Q_^`o w \ig_:j w oHrsln_Ftylip_
^`o w \Fip_¹Wº»j½D_FzipoDe w _@rjH}uoDeB #_^Wo w \Fip_@_Etl7ikjv}nH_F^`_qSl/_^`r]igomxH w jvqt/iB® egq w htylu}nep_D]egi*}n_rOoDtu_
tuh]}[h]q]_^`o w igektujvluegoHq w _Ft/zoDqSlu}jvegqDln_Ft w _@/_xfq]oDi w t/zoHhr]ipF_£Wikj}nFtuoHighslnepoDq w _ w _Fhs{:FªShjvluegoHqt
w _Uln}njHqturoD}yl w _@i¯® Fq]_}nHeg_zegq]lnegªSh]_lnh]}u«h]ip_FqSlu_¹:_l w _@ikj w egtntueprjvluegoHq»S 
Ëift® jvDe³l(r]}uegqzeprjHip_F^`_qSl
w
_#mjvige
w
_F}*ig_#zo
w
_#´Uc]  ~c@tuh]}*ig_Ft(}uEtyhi³ljmlnt*_{srO}nep^`_qSljvhs{oH«sln_qfht
_Fq.tyoDh	_}nep_D F´-oHht*q]oHhtQ²µoszjvigekty_F}uoDqt
w
jvqtQh]q.r}u_F^Weg_}*lu_F^Wrt*tuh]}*ikj/}n_r]}no
w
hz¤lnepoDq@qfh]^`}negªSh]_
w
h
zZjv^`r
w
_-r}u_EtutuepoDq`^W_Etyh}u-tuh]}#ip_Et­r]}novigt
w
_7rOoHqSlF fUjHqt#h]q]_
w
_Fhs{sep\F^`_-ljvrO_HSoHq4tF® egqSluF}u_Etutu_}j
jHhs{¢_oH}ulnt_l@jHhs{=zoS_¬4zeg_qSlntjvF}uofFigjDtlnegªSh]_Et UjHqth]q=lu}noHektyeg\^`_lu_^`rt_FqsqQ*oHq=zZ_}zZ]_}j
£lu_Fq
w
}n_4ip_:^Wo
w
\Fip_:¹º »:jvhKzFjHt
w
_:tln}uhz¤luh}u_Et@^`oH«]egip_Et (±*j
w
_Fhs{sep\F^W_ﬂ lu}n\Fttyhzzegqzlu_^`_FqDl
ln}njHe³ln__qtu_FzluegoHqs  a á ­_l7ikjln}uoDegtueg\^`_lnjHr_.tu_}noHqSl/jv«OoH}
w
_Eth]i³ln}nep_Fh]}n_^`_qSlF 


igjty_Ez¤lnepoDqr]}nFtu_qSlu_
w
_U^jHq]ep\F}u_-_{flu_FqtyegH_-ip_U^Wo
w
\Fip_¹º	»U_l[ig_FtzoHq
w
e³lnepoDqt­jHhs{ipeg^`e³ln_Ft
ªSh]eQ_q
w
EzoDh]ip_FqSlF


igjtu_FzluegoHq`egq
w
ekªDh_.tyhzFzegqz¤ln_^`_qSl7ig_Ft/r}uegqzegrjHip_Et7zjH}njDz¤luF}uektyluekªDh_Ft
w
_@i¯® egqtylnjvigikjmluegoHq	_{f¿
rF}ueg^`_qSlnjHip_4ªSh]e#j	²µoHh]}nq]e~ig_Ft
w
oDq]q]F_Fthslnepigegtu_Et@rOoHh]}.ikjzoD^`rjv}jvektyoDq5j½H_EzWip_Et@}uEtyhi³ljmlnt
qfh]^`}negªSh]_Et


igjtu_FzluegoHq	aW²µoHh]}nq]epl[hq]_@«]}n\H_
w
_Etuz}uegrslnepoDq
w
hzo
w
_h]luegipektyD


igj:ty_Ez¤luegoHq5r]}uEty_FqSlu_
w
® jv«OoH}
w
ªSh]_ikªSh]_Ft7lu_Ftylnt
w
_tu_qtyeg«]egipepluj½mjHqDl
w
® jH«oD}
w
_}7ig_FtUtyeg^h]ikjm¿
luegoHqt­tyh]}#zZjHªSh]_[^jHªSh]_lylu_[ln_FtyluF_7_qtuoHh	_}neg_H v±Q_Et~}nFtuh]i³ljmlt~zoHqz_}nq]_FqDl~r]}negqzegrjvig_^`_FqDl
igj^jHªSh]_lulu_
w
h:fekj
w
hz
w
_¸epigigjHhQ /XUh]_ikªSh]_Ft­}uEtyhi³ljmlnt­}u_Figjvluep²Õt#jHhs{^jHªSh]_lulu_Et
w
_ty_Ez¤lnepoDq
}u_Ez¤ljvq]Dh]igjHep}n_tyoDqDl/FDjvig_^`_FqDl[r]}nFtu_qSluEt


igjtu_FzluegoHq
w
}u_Etutu_ip_Et/r]}n_^`ep\F}u_Et[zoHqzightyegoHqtlueg}uF_Ft
w
_@z_Et/tyeg^higjvluegoHqtF


igj-ty_Ez¤luegoHqs_qsqQ
w
oHq]q]_°ªSh]_FigªSh]_EtÂegq
w
ekzjmlnepoDqt*tuh]}Qig_FtQoH}nep_FqDljmlnepoDqtroStutueg«]ip_Et
w
_°z_~lu}j½mjvegiB 
±­® jHq]q]_{s_ S ²µoDh]}uqe³lªSh]_FigªSh]_Et`ig^`_qSlt«]eg«]ipegoHD}njHr]Z]ekªSh]_Fttuh]}ig_FtigoHekt
w
_rjH}uoDegt`h]luegipektyF_Ft
_Fq¼}uFHeg^`_`luh]}n«]h]ig_qSlF -_EtzoH^`^`_qSlnjHep}n_Ft@zoHqz_}nqjvqSl.ig_Ft@^`o
w
h]ig_Ft
w
D_igoHr]rOFt@_lig_Ft.igoHDegzep_Figt
h]luegipektyEt/tyoDqSl[_Fqsq}jHtnty_F^«]igFt
w
jHqt[iB® jvqq]_{s_@¶ 
^_^ ß`/a!b&cd
   &"!") , ,-//.#"! &

 
)Q
_7 $& 1
:)
´-oHht@zoHqtue w }noHqtUip_`tuxftylu\F^`_`zoHqtyluepluhrjH}igjtylu}nhz¤lnh]}u_ ﬂµe¯  _H Âig_WrOoHqSl UjHepqtye~ªSh]_`rjv}i¯® jHep}
_FqfSeg}noHq]qjHqSlF s±°® jveg}/_Ftyl7tyh]rroStyfegtnªSh]_h]{segqzoH^`r]}n_Ftntyeg«]ig__l7q]_[lnoHq]eg_q* 

	 ﬀﬂﬁﬀﬃ !#"ﬃ%$'&)(*',+-ﬃ%ﬂ./10,ﬃ%ﬀﬀ23ﬃ%
±*_Wtuxstln\^`_.Êhe w _`_Etl}uFHerjv}ip_EtFªShjmlnepoDqt w _W´Uj½fep_F}y¿cSluo Ì _Et O#_EtFªShjmlnepoDqtj w ^`_lulu_FqDl
w _Ft°tuoHighsluegoHqt~_q}nDep^`_[igjH^`epqjHep}n_HHeB  _H H£@²Õjveg«]ip_/qoH^«}u_ w _77_xfq]oHi w tF Djvqt°ip_7zFjHt°tylnjvluegoHq]qjHep}n_H
egisj-lu^`oHqSlu}nU¥ávm¨sªSh]_ig_FtFªShjvluegoHqt w _/´-j½feg_}u¿ËcSlno Ì _FtQj w ^`_lyln_qSl~h]q]_[tyoDiph]luegoHqhq]egªSh]_[£-²Õjveg«]ip_
qoH^«}u_ w _7/_Fxfq]oHi w tF v±QoH}tnªDh_#ig_/q]oH^«]}n_ w _7/_xfq]oDi w t6_Etl°D}njHq w _q`}u_FmjvqzZ]_D½ip_Et~FªShjvluegoHqt w _
´Uj½fep_F}y¿cSluo Ì _Et/tljmluegoHqqjveg}u_Et/j w ^`_lylu_FqSlUr]ightuep_Fh]}nt-tyoDiphslnepoDqtF U® _Ftyl-ip_zjHt-_qrjH}ylnegzh]igep_F}7_q¢}n¿
Dep^`_/lnh]}n«]h]ig_qSl ﬂ547698;:)<)=)='¤ )>-q]_-^`luZ]o w _ w ® jHr]r]}noszZ]_7jvigoH}t6²µ}nFªSh]_^`^`_qSl­_F^`r]ipomxD_-zoHqtuektln_
£q]_Djv} w _F} w _igjtyoDiphslnepoDq:ªSh]_ w _Ftepq]²µoH}n^`jvluegoHqt­rjv}ulueg_igig_FtFD_Fq:i¯® oszzh]}n_qz_ w _Ftmjvig_h}nt­^WomxD_qs¿
q_FtF v±Q_Et6H}jvq w _h]}t(tnzjHigjHep}n_Ft?tuoHqSl w FzoH^`rOoDtu_Ft~tuh]egmjvqSl~ip_Fh]}°zoD^WrOoDtnjvqSln_#^`omxH_Fq]q]_@ _l~ig_h]}
zoH^`rOoDtnjvqSlu_UÊhzluhjHqDln_9?'Av·
?CBED1F GIHKJL@9B5D%F GIHNMO?
A
B5D%F GIH ﬂ¦ 
S-epqtue-_Fq q]ovljvqSl4ikjSeplu_Etutu_¢tuoHht`ikj ²µoH}n^`_PQJSRQMTPNAÕ°ig_Ft4FªShjmlnepoDqt
w
_¢´Uj½fep_F}y¿cSluo
Ì
_Et
^`omxD_q]q]F_Ft
w
jHqt[ip_ln_^`rt7tF® Fz}negH_qSl*·
#oDqtu_}n½jvluegoHq
w
_igj`^jHtntu_°·
UWVYX
R
V
X
D
V
JZ= ﬂB 
#oDqtu_}n½jvluegoHq
w
_igjªShjHqDlne³ln
w
_@^`oHh]D_^`_qSl*·
[\
F
X
R
V
X
G
M
U^]
R
]
X
R
V
X
D
]
Jº
XN_
X
D
V
M
U`]baNc,XCd
R
V
X
D
d
]
º
X
P
A
V
P
A
]
X
D
];e
ﬂÕ 
ogf
_
w
FtuepDq]_Uikjr]}u_EtutuegoHq4^`omxH_Fq]q]_U}u
w
h]eplu_ ﬂµr]}n_FtntyegoHq
w
egSektu_rjv}igj
w
_Fqtyepluih ¤ s±°® FªShjvluegoHq ﬂÕ 
²ÕjHe³l-jHr]rjH}nj`jgln}u_
w
_@q]oHhH_igig_FtepqzoHqqSh_FtQ·sig_Ft/zoHqSlu}jvegqSlu_Et
w
_./_xfq]oDi
w
t/ªSh]eQtuoHqSl/_{sr]}neg^WF_Ft/tuoHht
²µoD}u^`_
w
_.zoH}n}uFigjvluegoHqt
w
_ÊhzluhjvluegoHqt
w
_feplu_Etutu_H 
5 klﬁﬀm%nﬃT+&po
±(j7²µ_F}u^`_lnh]}n_
w
hWtuxstln\^`_
w
® EªDhjmluegoHqt(rO_h]l°Álu}n_}uEjvigegtu_j½H_Fz
w
_Et(^`o
w
\Fip_Et~ªDhefturOFzep_FqDl~ig_Ft
ln_}n^`_Ft
w
_[lu}jvqtyrOoH}ul(lnh]}n«]h]ig_qSl~_q`zZjHªSh]_roDepqSl
w
_/i¯® EzoDh]ip_F^`_qSl¥ás¦¨¯ H|6jH}u^`esz_Fhs{f¿©zeBmig_[^Wo
w
\Fip_
¹°º»[_Ftyl°zoDh]}njH^`^W_FqSl(_^`r]igomxHD  Ëis}u_FroSty_tyh]}6i¯® egqSlu}no
w
hz¤lnepoDq
w
® h]q_EªShjmlnepoDq
w
_lu}jvqturOoH}ul
w
® h]q]_
EzZ]_igig_
w
_-Êhz¤lnhjmlnepoDqt
w
_Ufeplu_Etutu_Ft ﬂµfegjiB® q_}nHeg_Uzegq]luekªDh_7luh}u«]hip_FqDln_¹qJsr
d*t
V
PCA
d
V
#jvegqtueOªSh]_
w
® h]q_-FªShjvluegoHq
w
_7lu}jvqtyrOoH}ul
w
® h]q]_UFzZ]_Fipig_
w
_-igoHq]Dh]_h]}[zjH}njDz¤ln}negtyluekªSh]_
w
_Ft­luoDh]}n«]epigigoHqt ﬂµfegjigj
w
egtntyegrjvluegoHq»  
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 
jvqt@z_^`o w \ig_HQikjzoDqDln}njHepqSln_ w _4zegtnjvegigip_F^W_FqSl_Etltuh]r]rOoDtu_`r]}noHrOoH}uluegoHqq]_igip_`jvh H}j w ep_FqDl w _
feplu_Etutu_^WomxD_q]q_°·
º P
A
V
P
A
]
J
c  X
R
V
X
D
]
M
X
R
]
X
D
V
º
:
<
¹#V
V ]
ﬂµa'
ogf
c 
w EtyegHq_@igjWfegtnzoStyeplulnh]}n«]h]ig_qSlu_.ªSh]eQ_Etl7_{sr]}ueg^`_ w eg}n_Fz¤ln_^`_qSl7_Fq²µoDqz¤lnepoDq w _Ft/mjH}uekjv«]ig_Ft
egq w Fr_Fq w jHqDln_Ft7¹_l-»S 
c 
J	
¹
d
»
ﬂB 
±*_ w ljvegi w _iB® oH«sln_qSluegoHq w _Et`FªShjmlnepoDqt w _	lu}jvqturOoH}ul w _¢¹M_l4»rO_hsl4Álu}n_zoHqtyh]iplu w jHqtWigj
igeplyluF}njvluh]}n_ ﬂÕq]ovljv^`^`_qSlU¥ámam¨ ¤ ]¸omxD_q]qjvqSl­ªSh]_ikªSh]_Ft#ZfxSrOovlnZ]\Ftu_Ft#tyeg^`r]ige³zFjmln}uekz_EtDiB® FªShjvluegoHq w _
ln}njHqturoD}yl w _@i¯® Fq]_}nHeg_@zegq]lnegªSh]_luh}u«]hip_FqDln_¹	t® Fz}uepl*·
X
¹
X
G
M
U V
R
V
X
¹
X
D
V
J º
U V U`]
P A
V
P A
]
X
R
V
X
D
]
º»*M
U V X
X
D
V

B
c
M
c  


H
X
¹
X
D
V
ﬂÕ 
±*_.r]}n_^`eg_}Ulu_}n^`_
w
h¢^`_F^«]}n_
w
_
w
}noHeplu_
w
_
ﬂÕ'/_FtylUig_.ln_}n^`_
w
_r}uo
w
hzluegoHq
w
_.luh}u«]hip_Fqz_D  Ëi
tF® FªSh]egipeg«]}n_4j½H_Fz`ikj
w
ektntyegrjmlnepoDq¼»:_FqKÀoDq]_
w
_4r]}noszZ]_4rjH}uoDe ﬂÕz² (tu_FzluegoHqMs  ] á  *±°® FªShjvluegoHq
w
_
ln}njHqturoD}yl
w
_@ikj
w
egtntyegrjvluegoHq».t® Fz}uepl*·
X
»
X
G
M
U
V
R
V
X
»
X
D
V
J
r
»
¹
U
V
U
]
P
A
V
P
A
]
X
R
V
X
D
]
º
d
»
d
¹
M
U
V X
X
D
V

B
c
M
c 



H
X
»
X
D
V
ﬂ¯ 
±*_Ft-½jHip_Fh]}t
w
_EtUzoHqtylnjHqDln_FtUjvr]rjH}njHegtntnjvqSl
w
jvqtUig_FtUFªShjmlnepoDqt ﬂB 7_l ﬂ© 7oHqSlUluzFjvig_Et7_{srO}ne³¿
^`_FqDljvig_^`_qSl
w
jHqt
w
_Ft.zFjHt
w
_4luh]}n«]h]ig_qz_
w
_4D}uegipig_H (±*jvhq
w
_} cfrjvi
w
epqK¥p¦½E¨#r}uoDroSty_FqDl@ig_Ft
mjHip_Fh]}nt}n_rOoH}uluF_Ft
w
jHqt[ip_@Yjv«]ig_FjHh=¦D 



r
	
d

 


]  H§ ¦D  aDa ¦H  §D ¦H   ¦D  
	(¦


 5"ﬂ*,ﬀ.
0")!  ,-ﬀﬁ.+U¹Wº»
±*_Ft~zoHqtylnjHqDln_FtDh]}jvqSl
w
jvqt6ig_7Yjv«]ig_FjHh¦[oHqSl°lu
w
lu_}n^`epq_Ft6rOoHh}°h]q]_7zoHqsDh]}jmluegoHqr]}nFzektu_
w
® EzoHhip_F^W_FqSlF m¡~igip_Et~q]_[r_Fh]H_FqSl
w
oHqz#rjHtÁlu}n_[zoHqtue
w
}n_Et(zoH^`^`_hq]epD_}ty_Fipig_FtF½z_/ªSh]es_{sr]igegªSh]_
ig_Ft7½jH}uekjvqSln_Ft/rjH}y²µoDegt[oD«tu_}nH_Et
w
jvqt/igj4ipeplyln}jmluh}u_D /S7egqtue(£`rjH}ylnep}
w
_Ft7_{srF}ueg_qz_Ft
w
_W#oH^lu_¿
¶_Fipigovlﬂ #oD}ntuepq ¥ §½¨¯*¸_
w
ekz¥p¦E½¨­j	oH«sln_qfh h]q]_`^`_egipig_h]}n_`r]}n
w
ekz¤lnepoDq
w
_`ikj
w
Fz}uoDegtntujHqz_
w
_`igj
lnh]}n«]h]ig_qz_egtuovln}uoDr_`_q¼h]luegipektujHqSl	
d
Jﬃ ﬃ!#"_l


 Jﬃ $ %':#%'&] Â±Q_FtzjHtln_FtylntªDh_q]oHhtj½HoHqt
_O_Ez¤lnh]Ftj½H_Ezz_Ft
w
_Fhs{_hs{
w
_
w
oHq]q]F_FtoHqSl.zoDq
w
h]epl@£
w
_Et}uEtyhi³ljmlntªShjHtuep¿¯e
w
_qSlnegªSh]_Et Â|oHh]}
z_lulu_@}jvektyoDqQfq]oHht[h]luegipekty_F}uoDqt/tuxftyluF^jmluekªSh]_^`_FqDl/ig_Ft/zoHqtylnjHqDln_Ft
w
hYjv«]ig_FjHh=¦rjH}/igj`tuh]e³ln_H 
( <Õ < Æ $S )6 Ä)_AfÉ $ ¹	º »#·*ig_:^`o
w
\Fip_¹º »	rO_hsl`tyoDht¿©_Ftylueg^`_}igj5½jHip_Fh]}
w
_	¹¼jHhKq]egH_FjHh
w
_FtWrjv}noHektF ¡~q _O_lF~ikj=zoHq
w
epluegoHq
w
_rjv}noHe[jvrr]ipekªSh]_jHhKlnjHhs{
w
_
w
ektutuegrjmlnepoDqMqQ® _Ftyl½jHigjH«]ig_
^_^ ß`/a!b&cd
   &"!") , ,-//.#"! &

ªSh]_@igoH}tnªDh_Ui¯® EªSh]epigeg«]}u_@igoszjHiÂr]}uo w hz¤luegoHq  w egtntueprjvluegoHq_Ftyl7H}nepH U}-z_lulu_.zoDq w epluegoHq	qQ® _Ftyl-rjHt
D}ne³_ w jvqtUip_EtÀoHq_Ft w _}n_Fzep}zhigjvluegoHqQ ±*j w egtntueprjvluegoHq=x	_Etl@tuh]}u_Etlnep^`F_iB® q]_F}uDep_Wzegq]lnegªSh]_
lnh]}n«]h]ig_qSlu__l7ikj`fegtnzoStyepluUluh}u«]hip_FqDln_ w _feg_q]q_qSl7jvigoH}t­ln}uoDrr_lueplu_FtF 
jvqt°ig_UzjDt°rjH}ylnegzh]igep_F} w _Uigj@^jH}nzZ]_ w _Ftnz_q w jvqSlu_DDig_7^`o w \ig_¹Uº»-tuoHhty¿©_Ftylueg^W_-igj@igoHqHh]_Fh]} w _
}n_Fzep}zhigjvluegoHq w _i¯® oD} w }u_ w _.v4 #_EzeQtu_}jvepl w	 £h]q]_@^jvh½jHegtu_}u_Fr]}uo w hz¤luegoHq w _Ft/zoHqSlu}jvegqSlu_Et
w _/_FxSqoHi w t-jHepqtue(ªShQ® £h]q_egqj w EªShjmlnepoDq w _ikjigoHeipoDDjv}nepluZ]^`ekªDh_.jvr]r]igekªDh__Fqr]}nofzZ_.rjv}noHe
rOoHh}/ip_Et[FzoDh]ig_^`_qSlnt/£²µoD}yl7q]oD^«]}n_ w _./_xfq]oDi w t¥ m¨¯ 

  ,ﬀﬁ  ,    n 
.   ﬃ%
#_Urjv}jvD}njHr]Z]_[jv«OoH} w _7r]}nepqzegrjvig_^`_qSl­ig_Ft#zoDq w epluegoHqt­r]}uoDr]}n_Ft°jHh^Wo w \Fip_¹7º	»S  ËitF® jvHepl­_Fq
rjv}uluekzh]igep_F} w ® mjvigh]_}~i¯® q]_F}uDep_[zegq]lnegªSh]_[lnh]}n«]h]ig_qSlu_-¹_l°ikj w ektutueprjmluegoHq`»-£i¯® _FqSlu}n_ w h w oD^`jHepq_
_l w jvqt[igjWÀoDq]_ w _@r]}noszZ]_Urjv}noHe¯ 
> I8
YÄ
;
)_< Æﬀ<µÄ
;
 ) B $
;
Æ ½ $
±­® Fq]_}nHeg_zepq]luekªSh]_.lnh]}u«h]ip_FqSlu_W_ligj
w
egtntueprjvluegoHq¢Dq]F}njHip_F^`_qSl-egqDln}uo
w
he³ln_Ft£4i¯® _FqDln}uF_r]}nov¿
feg_q]q_qSl
w
_	}n_ikjmlnepoDqt_^`r]eg}uekªSh]_Ftljv«]igep_Et
w
jvqt
w
_Et`zoHq]Hh]}jmlnepoDqt
w
_:lnh]}n«]h]ig_qz_
w
_D}uegipig_H 
|oDh]}/ip_Et[FzoHh]ig_^`_qSlt[_{flu_F}uq]_EtsoDqeg^`roSty_¥g¦Fm¨D·
¹
 
J ﬃﬁ$ & B R
 
H
d
ﬂÕ 
ogf

ﬂµ_Fqﬀ 
w
FtuepDq]_°ig_­ljvhs{
w
_­luh]}n«]h]ig_qz_#¿tuh]r]rOoDtu_#egtuovln}uoDr_~¿Â£7i¯® _qSlu}n_D E|oHh}(ikj
w
ektntyegrjmlnepoDq
»SsikjW}u_FigjvluegoHq ¥p¦E½¨D·
»

 
J

¹
d

 
c
ﬂÕ§ 
jDtutuh]}n_hq]_
w
e³htuepoDq luh]}n«]h]ig_qSlu_
w
h^`Á^`_`oH}
w
}n_
w
_H}jvq
w
_Fh]}@ªSh]_`igj
w
epOhtyegoHq ^`oHigFzhigjHep}n_W£
i¯® _qSlu}n_D f¡°q	}nFjHipepluDfoHqzoHqtylnjvlu_ªSh]_@z_lulu_}n_ikjmluegoHq	tyh}u_Etlnep^`_igj
w
ektutueprjmluegoHq	_l/q]_rO_}n^W_l7rjHt
w
_Uln}njHqturoD}yln_}ip_Et[r]}uoDr]}nepluFt­luh}u«]hip_FqDln_Ft/zoH}n}u_Ez¤lu_F^`_qSl(htuªShQ® £ikj`tln}uhz¤luh}u_D 'ËiÂ_Etl/r]}n²µF}njH«]ig_
w
® hslnepigekty_F}/igj`}n_ikjmlnepoDq@·
»

 
J
ﬂﬁﬃ! 

¹
ﬁﬃ
d
"$#
ﬂy¦F 
ogf
"
w
EtyegHq_ikjzoHqtylnjHqSlu_
w
_`HoHq&%@jv}n^jvq ﬂ' ]  a¦ 7_l
#
_Ftylhq]_`FzZ]_Fipig_WzFjv}jHzlu}nektlnegªSh]_
w
_Ft
D}uoStutu_Fttylu}nhz¤lnh]}u_EtluoDh]}u«epigipoDq]qjHep}n_Ft
w
_i¯® EzoHhip_F^W_FqSlF 
> I >
YÄ(È 	 $¢É <B < Æ $5ÆE

(É $
;
Æ $ $SÆÉµÄ< )$ M mÄU<
S q]oD^«]}n_
w
_	/_Fxfq]oHi
w
tWig_D ﬂÕeB  _H (7DHH¢_qffep}noHq 6h]q]_zoHhzZ]_igeg^Weplu_tu_
w
H_FipoDr]rO_	jHh
DoHektyegqjHH_
w
_Et²µ}uoDqSlueg\}n_FttyoDipe
w
_FtF  >7q]_
w
_Etuz}uegrsluegoHq
w
ljvegipig_
w
_/z_lyln_[zoHhzZ_­Dh]}n_­_q S7qq]_{s_ S. 
¡°q¢²ÕjvektnjvqSl-i¯® ZfxfroHluZ]\Ety_WªSh]_ig_Ft-lu_F}u^`_Ft
w
® epq_}ulueg__l
w
_r]}u_EtutuegoHq
w
_FSeg_qq]_qSlq]DipegH_Ejv«]ig_Ft
w
jvqt
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 §
z_lulu_ }uFHegoHqQiB® FªShjvluegoHq w _ ªShjHqDlne³ln w _=^`oHhH_^`_FqDl ﬂ¦E§ 4r]}uoH_ln_=tuh]egmjvqSl DtF® Ez}ne³ljvr]}n\Ft
egqSluFH}jmluegoHq@·
ºh P
A  A
M h
c
R

J	 ﬂy¦H¦ 
ogf
  }u_Fr]}uEty_FqSlu_-ikj`zoDqDln}njHepqSln_
w _U²µ}novlyln_^`_qSl7£WigjrjH}uoDeBfe¯  _D sigj`tuoH^`^`_ w _Et/zoDqDln}njHepqSln_Ft­luh]}n«]hs¿
ig_qSln_Ftºh P
A  A
_l/^`oHigFzhigjHep}n_Ft

Rﬂ!

 
Uq w qe³ligjMfe³ln_Ftnty_ w _5²µ}novlulu_^`_FqDl£KikjKrjH}uoDeﬀPLJ 	ﬁ! hO [¡~q q]oHlnjHqDl R JbR ! P¼_l

;J

P !
c
oDq¢^`oHqSlu}n_ﬂBz¤² Qcf_FzluegoHq S. g¦ 7ªSh]_Wikj:zoDhzZ]_ipeg^`e³ln_lnh]}u«h]ip_FqSlu_Wr_FhslÁlu}n_ w egfegtu_
_Fq:ln}uoDegt[ÀFoHq]_Et w ektlnepqzlu_EtQ·


igjtuoHht¿ËzoDhzZ]_-fektuªSh]_Fhtu_igegq]FjHep}n_H=

 & w jvqt[ikjWÀoHq_ w _@r]}uoszZ]_rjH}uoDeB

LR


h]q]_WÀoDq]_egqSlu_}n^` w ekjveg}n_H &

ﬀ% =_qSln}u_igj:ipoDe(igepqFjveg}n__q5Seplu_Etutu__likj4igoHeigoHDjH}uepluZ]¿
^`egªSh]_


igj¢ÀoHq_4ipoDDjH}uepluZ]^`ekªSh]_ %g=ﬁ

ﬂ <)=)=ogf¼igj¢Seplu_Etutu_:tuh]eplh]q]_:ipoDe w _:igj²µoD}u^`_°· R J
r
ﬃ "!

 M
#: $# _Ftyl°h]q]_7zoHqtylnjHqSlu_ w ® epqSluFH}jmlnepoDq w oDqDl°ikjmjvig_h]}°_Etl#UrOoHh]}­h]q]_/rjH}uoDeSigektutu_H 
|°ipht7Hq}jvig_^`_qSlFf_Fq	r}uoszZ]_rjv}noHe¯soHqj
w
oHrsln_hq]_@ipoDe
w
_@ikj²µoD}u^`_°·
R

J&%B


H ﬂy¦E 
SÅigj:ipoDe(igoHSjv}ne³lnZ]^`egªSh]_Dq]oDht-j½DoHqt-r]}n²µ}n.ikj4igoHer]}noHrOoDtu_@rjH}/_FegzZjv}
w
l ﬂ¦E -ªDhezoHqtyluepluh]_
hq]_@«oDq]q]_lu}jvqtyepluegoHq	_qSlu}n_igjWigoHeQigegq]FjHep}n_U_l7igjWigoHeQigoHSjv}ne³lnZ]^`egªSh]_­·
R

JL: $ &('
"!
B ﬃMﬂ= $ %)'


HNM+* $ ,(' B ﬃ/º.-0/21#Byº


! ﬃ ﬃ^HÂº


!ﬃﬁﬃ3'4-5/21#Buº= $ <)< '


H
H ﬂy¦F 
_l7roDh]}/i¯® Fq]_}nHeg_zepqluekªSh]_luh}u«]hip_FqDln_¹4_l7igj
w
ektntyegrjmlnepoDq	»ip_Et[}u_FigjvluegoHqtﬂBz¤² Ocs_Fz¤lnepoDq S  ]  ' ·
¹607	8:9
V
J
P
d



<;
ﬂy¦a'
»
07	8:9
V
J
P
ﬁ

"
>=?
!
B ﬃgF
;
Mﬂ= $ <WB ﬃ[º
;
H
d
H ﬂy¦E 
j½D_Fz
;
J
=?
!
B ﬃgFA@CB
rED
Hu ~#_4zof_¬4zeg_qSl
;
oDh]_ig_} Dip_
w
_igep^`eplu_Fh]}._l.rO_}n^`_l
w
® feplu_F}
w
_4tuh]}u_Et¿
lnep^`_F}-i¯® Fq]_}nHeg_zegq]luekªDh_.luh}u«]hip_FqDln_W¹	igoH}tuªSh]_

+FS= Ocfh}Uig_.r]ikjvq¢r}njvluekªDh_Hi¯® _qtu_^«]ip_
w
_Ft
tueg^h]ikjmlnepoDqt~__Fzluh]F_Ft#qQ® j@rjHt­}uF_igip_F^`_qSl°r_F}u^`ekt
w
_7^`_Ftuh]}u_F}°i¯® _O_l
w
_z_7igep^`eplu_Fh]}F

=qQ® lnjHqDl
ªSh]_ln}u\Et[iposzjHip_F^`_qSl ﬂµ_l7}jv}n_^`_FqDl G ﬃ =] 
ﬁ H 	:1//)2)(%5	;/)
±*_FtU_FtntujHegt-oHqSlUlu}nFjHipektuFt
w
jvqtUigjtyoDh	_}nep_£:zoDhzZ]_.igeg^Weplu_

´Uc#S 
w
h[csY/¶
w
_W´-jHqDln_Ft
ﬂ'  ikjv^jvq
w
¿Ë¾W á¾}nepigigjHh
w
 fU_Ft[FipF^`_qSlntln_FzZ]q]ekªSh]_Ft/zoHqz_}nqjvqSl[iB® egqtljvigigjvluegoHqhsluegipektu_Dh]}u_FqSl
w
jvqt[ig_@}njHr]rOoH}ul[¡°´7¿1SU¡# §H§  D§W ¥ v¨¯ 
^_^ ß`/a!b&cd
¦E   &"!") , ,-//.#"! &

±(jMtuoHh	_}neg_5tyeg^hip_ w _FtFzoHh]ig_^`_FqDlt4ikjv^`egqjveg}u_Etj½D_Fzh]q lnjHhs{ w _5lnh]}n«]h]ig_qz_ w _]   
_FqfSeg}noHqQ `>7q_D}uegigip_[rO_}n^W_l w _[Hq}n_} w _[igjUlnh]}u«h]ip_Fqz_/ªShjDtyesZ]oD^`oHH\Fq]__qW_FturjHz_ ﬂ gP J 
 
J
 !Jﬀ* miB® q_}nHeg_[zepqluekªSh]_[luh}u«]hip_FqDln_/jUrOoHh}~_{sr]}n_FtntyegoHq`¹ J

 
d
'1B  P
d
M 
 
d
M  
d
Hu H±*_Ft
qoH^«}u_Et w _/_FxSqoHi w tr_Fh]H_FqDl7jHipig_}(htnªDh*® £f g¦Fm ]±Q_Et#feplu_Etutu_Ft w ® FzoDh]ig_^`_qSl[HoHqSl w _@m^  t	
r
£Dm^  t	
r
 
±*_Ft/zZjH^`rt w _r]}n_FtntyegoHqtyoDqSl/jHqjvigxstyEt[jvhslnoHh]} w _@Wr]}novikt w _@^jHªSh]_lyln_°·


h]q]_^`jDªSh]_lulu_ w _:lxfr_}u_Ez¤lnjHq]HhigjHep}n_`^Wegqz_ﬂµZjvhsln_h]}W]  vaH^Qikjv}nH_Fh]}  Sm^QigoHq]Dh]_h]}
¦^ ¤


h]q]_^jHªSh]_lyln_ w _	lxSrO_}n_Fz¤ljvq]Dh]ikjveg}u_	rjHegt%ﬂÕZjvh]lu_h}4]  Hv^~ikjv}nH_Fh]}]  Dm^6igoHq]Dh]_h]}
¦^ ¤


h]q]_.^jDªDh_lyln_ w _@lxfrO_@lu}jvrO_ÀFo
 w jvi ﬂÕZjvh]lu_h}-]  HSm^sigjH}uD_h]}7  DHH^	sigoHqHh]_Fh]}.¦H  HH^ 
zoD}u}n_FturoDq w jHqDl/jvh]{:H}jvq w t#rOoHqSlt/£`Zjvh]«jvqt#lu_Figt-ªDh_ig_²µhslnh]}7fegj w hz w _¸egigigjHhQ 
|oHh}°zZjHªSh]_r]}novi¯½ip_/zZjH^Wr w _[r]}n_FtntyegoHqt*_Etl~_q}u_FHektln}u w jvqt w _^h]ipluegr]ip_Et~zoDqsHh}njvluegoHqt*·
rOoHh} w ep}n_qSlu_Et*feplu_Ftntu_Ft w _#D_qSlFErOoHh]} w epOF}u_FqDlt(jHq]Hig_Ft w ® epqze w _qz_ w hH_FqDlEFrOoHh} w _Ft(H_qSlt w _
lnh]}n«]h]ig_qz_ w epOF}u_FqDln_HFroDh]}Qh]q]_#^jHªSh]_lulu_~{f_~oDh@_q@^`oHhH_^`_FqDltyegqfhtyo
 w jvi½²µoH}z w _ w epOF}u_FqDln_Ft
jH^`r]ipepluh
w
_FtF£
w
e³}n_qSln_Ft@²µ}nFªSh]_Fqz_Et ±Q_Et_Etutnjvekt@_qM^WoDh]H_F^`_qSl.²µoH}zzoHhS}n_qSlhq]_:Sjv^`^`_
w
® jH^Wripepluh
w
_
w
_
d
D
£

o)f
w
FtuegHq]_i¯® Frjvektutu_h}
w
hr]}uoHi¯ ]±Q_Ft7r]}u_EtutuegoHqt[tuoHqSl/_q]}n_Degtylu}n_Et£
ikj²µ}uEªSh]_qz_ % JL:^=)=Wtyh}@¦Es  HDt ﬂBtyoDe³l.¦½.«iposzt
w
_.HvWjHzFªSh]egtuepluegoHqt ¤ 
±*_Ft[_OoD}ylt/tyoDqDl7zFjvikzh]igFt[rjH}/epqSlnH}jmlnepoDq
w
_Et[r]}n_FtntyegoHqtrjH}uegljvig_Ft^`_Ftuh]}n_Ft[igoszjHip_F^W_FqSlF 
 
'(1/)(7
(
 
±*_zo
w
_-hslnepigegtu-rOoHh}#ig_Ft[tuep^h]igjvluegoHqt­}uEtyoDhsl#ig_Ft#FªShjvluegoHqt
w
_´-j½fep_F}y¿cSlno
Ì
_Et~rOoHh]}
w
_Ft#FzoHhs¿
ig_^`_FqDlt/egqzoD^Wr}u_Etutuep«ip_Et[epqtylnjvluegoHq]qjveg}u_Et
w
jvqt
w
_Ft7zoHqsDh]}jmluegoHqt#DoD^Wlu}negªSh]_Etlu}ne
w
ep^`_qtyegoHqs¿
q_igip_Et Ëi_FtylW«jDty	tyh}Wikj¢^`luZ]o
w
_
w
_FtWFipF^W_FqSlntq]ekt ~±(j
w
F}uegHF_:rjH}ylnegzh]igjHep}n_
w
_	ikj¢fe³ln_Ftnty_
_Etljvr]r}uoszZ]F_@rjv}
w
_FtzjH}njDz¤ln}negtyluekªSh]_FtF ]±*j
w
egtnz}nlnegtnjmlnepoDq_q¢_EtyrjHz__Ftyl
_
r
rOoHh]}Uigj:r]}n_FtntyegoHqQ
_l
_
r
º PE6@roDh]}-ikjfeplu_Ftntu_H ±*_.r]}noH«]ig\^`_
w
_WcSlno
Ì
_Et/HFq]}jvigekty@_Etl-}nFtuoHighrjv}Uh]q]_^WluZ]o
w
_
w
® >-ÀFj [j]sj½H_Ez-D}nj
w
ep_FqSl/zoHqmhHh]r]}nFzoHq
w
epluegoHqq]H 
ﬀ
	  ./2%n -$W1
,ﬀ $2ﬁﬀNﬃ% ﬃ%ﬂﬁﬀﬃ  ( 
ﬃﬂ (
±(jD_}tyegoHq	jHzluh]_Fipig_
w
oHqSl/oHq
w
ektyrOoDtu_r]}nFtu_qSlu_ig_Ft7zFjv}jHz¤ln}negtyluekªSh]_Fttuh]epmjHqDln_Ft*·


#o
w
_Êh]e
w
_°·
´-j½feg_}u¿ËcSlno
Ì
_Ft#epqzoH^`r]}n_Ftntyeg«]ig_@j½H_FzUr]ightuep_Fh]}nt[^`o
w
\Fip_Et
w
_luh]}n«]h]ig_qz_¥ ½¨¯ 
 
^Wo
w
\Fip_¹º»j½D_FzUoHhtujHqt[ipoDe
w
_@rjH}uoDe
 
^Wo
w
\Fip_¹º»zoHh]r]ig@£Wh]q^Wo
w
\Fip_¹º!(_qr]}nofzZ_UrjH}uoDe
 
^Wo
w
\Fip_.jHipD«]}nekªDh_
w
_Et7zoDqSlu}jvegqDln_Ft
w
_./_FxSqoHi
w
tﬁﬂS-ipD_«]}jvekz@cSlu}n_Ftnt7¸o
w
_i 


#oHh]rigjHH_ﬁiph]e
w
_¿ËcSln}uhz¤luh}u_°·
±Q_¼zoDh]r]ikjvD_5Êhe
w
_¿©tylu}nhzluh]}n_=_Etl}nFjHipekty rjH}	hq]_^WluZ]o
w
_
w
_ lxfrO_ SU±*¡ ﬂS-}u«e³ln}njH}ux
±*jHH}jvq]DegjHqs¿©¡°h]ip_F}uekjvq /¥g¦F§½¨© 
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 ¦D¦
ﬀ5  $ 'ﬃ1. ﬃ1,ﬂﬁﬀﬃ%ﬀN, ﬁﬀ 
,ﬀ   n
 .   ﬃ%
±*_¢ip_Ez¤ln_h]}4rOoHh}u}j lu}noHh]D_}h]q_ w _Ftnz}negrsluegoHq w lnjvegigipF_ w h lu}jveplu_F^`_qSl w _Et4zoDq w epluegoHqt4jHhs{
igeg^Weplu_Et w jvqt6ip_EtluZ]\Ety_Et w _UU v|6jv}n_Ft~¸j w }uoDqjvi¥g¦½F¨]_l#¾W H¸_ w ekz¥g¦F½¨jHepqtue]ªSh]_ w jvqt6iB® S7q]q_{s_5S. 
Uq	eg^WrOoDtu_.£WigjWrjH}uoDe w _Ft7zoHq w e³lnepoDqt w _igjW²µoD}u^`_°·
º F 
$
º F 
JZ= F3B
c
M
c  
H
X
º F 
X
$
º F 
J ºP
d

º F 
 
7  $
º F 
	
º F 
 
7 
	
ﬂy¦F 
ogf
º F 
 
7  J
º F 
º B
º F 
$
º F 
H
º F 
_Etligj/feplu_Etutu_°ljvq]D_qSlueg_igip_­_l(ogf
º F 
V
 \ J ﬃgF : w FtuepDq]_qSl*ig_Ft*lnjHq]H_FqSlu_Ft
£4igjrjv}noHe¯ ±*jfeplu_Etutu_ w _²µ}uoHlylu_F^`_qSlﬀP  _FtyltuoHighsluegoHq
w _.iB® FªShjvluegoHqq]oDqipegq]Ejveg}u_ w _/_FegzZjH} w l
ﬂy¦F'¤ ]±*j`tuoHighsluegoHq	_Ftyl7oH«]lu_qfh]_@£Wikj w egtylnjHqz_$Vﬂ ]{s_@rjv}/i¯® hslnepigektujvlu_h}  w _@ikjWrjv}noHe¯ 


F$ﬀ	
6) 7 '(1	$& )Q
(
 :
´-oHhtr]}uosz w oDqt w jvqt.z_lylu_:luh w _:£ w _Et.tyeg^higjvluegoHqt@_Fq¼}uFHeg^`_`tylnjvluekªSh]_4jmq w _½jHipe w _F}F
rOoHh} w e³}n_qSlntq]oD^«]}n_Ft w _/_FxSqoHi w t_l@roDh]} w epOF}u_FqDln_Ftegqze w _qz_Ft w _`D_qSlFig_FtzZjv^`rt w _
r}u_EtutuepoDq:_l7ip_Et[_oH}ulnt[_{s_F}nzFt[rjH}ig_Êh]e
w
_.tuh]}/ikj^jDªDh_lyln_H 
´-oHht[r}uEty_FqDlnoHqt[tuhzz_FtntyegH_F^`_qSl*·


ip_Et7zoDqsDh]}njvluegoHqt#HFoH^`ln}uekªSh]_Ft_F^WripomxD_FtigoH}t
w
_Ft[_Etutnjvekt[_qtuoHh	_}neg_H


w
_Ft7}uEtyh]iplnjvlnt_l
w
_Ft7zoH^`^`_qSlnjHep}n_Ft[zoDqz_F}uqjvqSlig_Ftln_Ftylnt
w
_.ty_Fqtyeg«]egipeplu_O_Ez¤luhFtF


w
_Ft	zoD^`rjv}jvektyoDqt
w
_ zZjv^`rt
w
_5r}u_EtutuepoDq _{srF}ueg^`_qSlnjHip_=_l	qSh^WF}uekªSh]_¢rOoHh]}zZjDªDh_
zoDqsHh}njvluegoHq`HFoH^`ln}uekªSh]_[lu_Etln_-_Fq:tuoHh	_}neg_ ﬂÕ´7oDht#r]}uEty_FqSluoHqt
w
j½mjvqSlnjHH_
w
_U}uEtyhi³ljmlnt
roDh]}4ikj^jHªSh]_lulu_
w
h fekj
w
hz
w
_5¸epigikjvhQ#ip_Et
w
oHq]q_Ft4_{srF}ueg^`_qSlnjHip_Et`roDh]}4ig_Ft4jHhslu}n_Ft
HFoH^`ln}ueg_Ft[j½xDjHqSllu@_{sr]igoHepluF_Ft[r]ight[ljv}
w
egH_^`_FqDl ¤ 
±­® jHqjvigxsty_
w
_Et@_oH}ulnt_l
w
_Ft.zof_¬4zeg_qSlnt@jH}nofikjHtyluekªDh_Ft_Ftyl.«]}nep\FH_^`_FqDl.jH«oD}
w
F_
w
jvqtikjtu_Fz¤¿
lnepoDq]  a 
$s  DQ$
8
·OrOoHh]}zoD^Wrjv}n_}7ig_FtU}uEtyhi³ljmlntUqfh]^`}negªSh]_Et-jHhs{}uEtyh]iplnjvlntU_{srO}nep^`_qSljvhs{ÂqoHht
j½DoHqtj
w
oHrsln@igj
w
F^`jH}nzZ_tuh]eg½jHqSlu_°·


igj:fe³ln_Ftnty_.eg^`roStyF_£:iB® _qSlu}n_qQ® _EtlrjHtUz_Fipig_ªSh]e_FtylU^`_Ftuh]}n_£:iB® _qSln}uF_
w
_ikj:tuoHh `_F}ueg_H
^jvekt@z_igig_`ªSh]e~_Etl
w

w
h]eplu_
w
_`ikj	^W_Etyh}u_
w
_`r]}n_FtntyegoHq
w
xfqjv^`ekªSh]_htln_4£:i¯® jv^`oHqSl
w
_`igj
^jHªSh]_lulu_D ]±*j`tyoDh	_}nep_U²µoH}n^jvqSl[h]q~_qSluh]}ne¯]z_lulu_fe³ln_Ftnty__Etl7tuh]rF}ueg_h}u_£`z_igig_ªSh]eÂ_Etl
HFq]}n_@jvh	q]egH_Ejvh
w
_Ft[D}uegipig_FtF


ip_Et@zjHrslu_Fh]}nt
w
_r}u_EtutuepoDq²µoHh}uq]ektntujHqDlh]q]_r}u_EtutuepoDq
w
ep}n_qSlueg_igip_DÂq]oHhtU}n_ln}njHqzZ]oDqtUjHhs{
mjvig_h]}t
w
_Ur]}n_FtntuepoDq}u_Etlne³lnh]_Et­rjH}#ig_zo
w
_HSikj.^`omxH_Fq]q]_Uturjvluekjvig_
w
_igjr]}n_FtntyegoHq4£iB® _qSlu}n_
w
h^jvegipikjvD_H


ip_Et½jHip_Fh]}t
w
_Wr]}n_FtntyegoHq5}u
w
h]eplu_
w
oHq]q]F_FtrjH}Uig_Wzo
w
_WtuoHqSl^h]ipluegr]igepF_Ftrjv}ikj
w
_Fqtue³ln
w
_
iB® jveg}hJ ﬃﬁ$ :H¹ !
ﬁ
 
$s  DQ$
>
·jHhs{5q]oD^«]}n_Ft
w
_/_FxSqoHi
w
tzoHqtye
w
}nFt ﬂµe¯  _H  ( ﬃp=¤Âi¯® FzoDh]ig_^`_qSlq]_`r_Fhsl.rjHt
}jvektuoHq]qjH«]ig_^`_qSl~Áln}u_7zoHqtue
w
}n7zoH^`^`_7ikjv^`egqjveg}u_D H¸Á^`_-tueig_/ljvhs{
w
_/lnh]}u«h]ip_Fqz_/_{srF}ueg^`_qs¿
ljvi£iB® _qSln}uF_.}u_Etln_@²Õjveg«]ig_HOiB® FzoHh]ig_^`_FqDl
w
_feg_qSl-lnh]}u«h]ip_FqSlF QU® _Etl-ig_zFjHt-_qrjH}ylnegzh]ipeg_}jvhslnoHh]}
w
_i¯® oH«tylnjDzig_H 
^_^ ß`/a!b&cd
¦½   &"!") , ,-//.#"! &

U_Ft/lu_Ftylnt[oDqSl7lu@^`_Fq]Ft/j½D_Fzip_^`o w \ig_@ikjv^`epqjveg}u__q}nDep^`_epqtylnjvluegoHq]qjveg}u_D  Ëigt/oDqSl/tuxstln^jm¿
lnegªSh]_F^`_qSl w oHqq]ipeg_h¼£ w _Et@FzoHh]ig_^`_qSltlu}n\Ft@egqtylnjv«ip_Et@j½H_Fz w _Et@oDtnzegigigjvluegoHqt w _r]}n_FtntuepoDq w _
²µoD}yln_jH^Wripepluh w _H Â´7oDhtUj½DoHqtUjvigoH}t7}n w he³lip_rjHt w _lu_F^WrtU^jHegt w jvqt7lnoHhtUip_EtzjHtFig_`zo w _j
w epD_}nHjHr]}n\FtªSh]_ikªSh]_Ft@z_qSlnjHepq]_Et w ® epluF}njvluegoHqt_Fq5ln_^`rtF Q|oHh]}.tF® jvO}jvqzZ]ep} w _z_Etr]}noH«]ig\^`_Ft
w ® egqtylnjv«epige³lnH   S7^jvq w oHig\Ftu_¥p¦¨j:hsluegipektu w _FtUfe³ln_Ftnty_Et/r]ight-²Õjveg«]ip_Et7_lUr]}nosz\ w _£h]q]_j w eg^`_qs¿
tuegoHqjHipektujvluegoHqrOoHh]}zoD^Wrjv}n_}-tu_FtU}uEtyhi³ljmlntUjvhs{}nFtuh]iplnjmlt7_{frO}neg^W_FqSlnjvh]{ Â#oH^`^`_oDq¢ip_H_F}u}j
rjv}/ikjtyh]eplu_D]egiQ_Ftyl7roStutueg«]ip_ w _@q]_@rjHt/zoHqtu_}nH_F}[ip_@q]oD^«]}n_ w _./_FxSqoHi w t/^`omxH_Fq]qjvqSl/ªSh]_ikªSh]_Ft
r}uEzjvh]luegoHqt[tuh]}/iB® egqDln_}nr]}nlnjvluegoHq w _Ft[}nFtuh]iplnjvlntF 

	 klKﬀﬃ#''ﬃ1O n

 23ﬃ1
±*_Ft`^jHªSh]_lylu_Et`hsluegigegtu_Et`_q tyoDh	_}nep_tyoDqSl`^h]q]eg_Ft w _zFjvrsln_h]}t w e³}n_qSlnep_Figt*·°va roDh]}ip_
}n_FzlnjHq]Hig_-Frjvekt_l[roDh]}7¸epigikjvhQ]S@rOoHh]}[ig_}n_FzlnjHq]Hig_-^`egqz_D #_Ft[zjHrslu_Fh]}nttuoHqSl}nrjv}uluekt#tuh]}[ip_
rO}neg^W\lu}n_ w _Et^`jDªSh]_lulu_Ft[j½D_Fz7hq]_zoHqz_qSlu}jmlnepoDqr]ightep^`rOoH}ulnjvqSln_ w jHqt#ip_Et#ÀFoHq]_Et#jHq]Hhip_Fhty_Et 
±*_Ft egHh]}n_Ft`¦D(_lr}uEty_FqDln_qSl.z_Et@^jHªSh]_lulu_Et@_q¼zoDh]rO__lr]}nFzegtu_qSl@ikjqSh^WF}uoHlnjvluegoHq w _Ft
zFjvrsln_h]}tªDhetu_}j4hslnepigektyF_rjH}Uikjtuh]eplu_D O±*_r]}n_^`eg_}zjHrslu_Fh]}U_Etlr]ikjHzjvh5HoHektuepqjHH_ w h=z_FqSlu}n_
w
_ikj`rjH}ylnep_@tuh]rF}ueg_h}u_
w
h	lnjH«]ipeg_}E 
-0.25 -0.15 -0.05 0.05 0.15 0.25
-0.0700
-0.0575
-0.0450
-0.0325
-0.0200
-0.0075
0.0050
0.0175
0.0300
.
y(m) 
x(m) 
Rectangle (H=0.04m) 
+++++++++++++
+
+
+
+
+
+++++++ + + + + + +
+ + + + + + +++++++
+
+
+
+
+
+++++++++++++
1 2 3 4 5 6 7 8 9 10 11 12 13 
14 
15 
16 
17 
18 
19 20 21 22 23 24 25 26 27 28 29 30 31 
62 61 60 59 58 57 56 55 54 53 52 51 50 
49 
48 
47 
46 
45 
44 43 42 41 40 39 38 37 36 35 34 33 32 
	¦


   !]
 (	! 4
1.#" % + , 	&/.
0
2 	..
0*"ﬂ.
1*
%#+]"ﬂ  ' 4  .&#"&,
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 ¦E
-0.25 -0.15 -0.05 0.05 0.15 0.25
-0.0900
-0.0775
-0.0650
-0.0525
-0.0400
-0.0275
-0.0150
-0.0025
0.0100
.
y(m) 
x(m) 
Rectangle (H=0.08m) 
+++++++++++++
+
+
+
+
+
+
+
+++++++ + + + + +
+ + + + + + +++++++
+
+
+
+
+
+
+
++++++++++++
1 2 3 4 5 6 7 8 9 10 11 12 13 
14 
15 
16 
17 
18 
19 
20 
21 22 23 24 25 26 27 28 29 30 31 32 
64 63 62 61 60 59 58 57 56 55 54 53 52 
51 
50 
49 
48 
47 
46 
45 
44 43 42 41 40 39 38 37 36 35 34 33 
	Â


   !]
 (	! 4
1.#" % + , 	&/.
0
2 	..
0*"ﬂ.
1*
%#+]"ﬂ  ' 4  .&#" E&,
-0.25 -0.15 -0.05 0.05 0.15 0.25
-0.0800
-0.0675
-0.0550
-0.0425
-0.0300
-0.0175
-0.0050
0.0075
0.0200
.
y(m) 
x(m) 
Millau 
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+ + + +
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
++++
1 2 3 4 5 6 7 8 9 10 11 12 
  
14 
15 
16 
17 
18 
19 20 
21 
22 
23 
24 
25 
26 
27 
28 29 30 31 32 
13 64 63 62 61 60 59 58 57 56 55 54 53 
  
51 
50 
49 
48 
47 
46 45 
44 
43 
42 
41 
40 
39 
38 
37 36 35 34 33 
52 
  O


  ]
/ %&()!4U
2&#"$%(+ , 	&/.

1(ﬀ%/ 	 ]]+*
^_^ ß`/a!b&cd
¦Fa   &"!") , ,-//.#"! &

5  ,ﬀﬁ  ,  
   nﬃ1 ﬃ3O   n 
.   ﬃ%
±(j.tyoDiph]luegoHq`epqe³lnegjHip_7_Etl#oH«sln_qfh]_7_Fq}uEtyoDipmjvqSl°ig_7r]}noH«]ig\^`_ w _cSluo Ì _Et~roDh]}°ig_FªSh]_FioHqeg^`roSty_
hq]_`Seplu_Etutu_ w  w he³ln_ w _`igjr]}n_FtntyegoHq w xfqjv^`ekªDh_W£	i¯® jH^WoDqSl_l£:i¯® j½mjHi w _Wi¯® oH«tylnjDzig_
ﬂÕ_qSlu}n_`_l
tuoH}ulueg_ w h^jvegipikjvD_ _l­h]q]_7feplu_Etutu_/qfh]ipig_-tuh]}°ig_7zoDqDlnoHh]} w _/iB® oH«tljHzig_H D±Q_Ft°½jHip_Fh]}t w _U¹_l w _-»-£
ikj`rjH}uoDeQtyoDqDl w  w h]eplu_Et w _Et/FªShjvluegoHqtﬁﬂy¦a'_l ﬂ¦½ ¤ -_Et7zoDq w epluegoHqt w _.tyxf^`ln}ueg_.tyoDqSl[eg^`roStyF_Ft
tuh]}/ig_Ft²ÕjDz_Ft/tuh]rO}nep_Fh]}n_Ft[_l7egqs²µF}ueg_h]}n_Ft w h^jvegigigjHH_H 
U_7^`Á^`_HStujHhs²Âepq w egzFjmlnepoDq4zoHqSln}njHep}n_H½q]oDht°eg^`roSty_F}uoDqt6ip_Et­zoHq w epluegoHqt°jvhs{Wipeg^`e³ln_Ft­}u_FroD}yln_Ft
w jvqt[ig_@Y(jH«]ip_Ejvhs ]±(j w egtntyegrjvluegoHq£Wi¯® _FqSlu}n__Ftyl-zjHigzh]ipF_U_FqhsluegipektnjvqSl/h]q]_@FzZ_igip_ w _igoHq]Dh]_h]}
#
JL= $ :  F½jHiph_rjv}/ig_[csY/¶ 
_qSlu}n_iD JZD 
V
 RTJQB R 
 
F =F = H ¹ J ¹
D
»iJ »
D
tyoD}ylnep_iD J D  7

RTJQB R 
 
F =F = H 



JZ=	



JL=
²ÕjHz_Ft/tuh]rQ ]_l7epqs² 

J

 
V
 _l

J

  7

tuxf^Wlu}nep_²µoD}yln_




JZ=	




JL=
jvh]luoHh} w _@iB® oH«tljHzig_ igoHe w _rjv}noHeÂrOoHh]}P ipoDe w _@rjv}noHerOoHh]}¹4_l-»
	O


 ]
 (*  ],(]
2!
	1,- & ¹º»   (+*C% 4#*"ﬂ 

  ﬃ%gﬂﬁﬀﬃ  ﬃ% '  n
'2
±*_Ft#lu_Etlt
w
_@ty_Fqtyeg«]egipepluoHqSl/lnU_O_Ez¤lnh]Ft/j½D_Fz7ig_r]}novi
w
h	fegj
w
hz
w
_¸epigigjHh ﬂBz¤² "egHh]}n_'¤ 
#_lyln_DoH^`lu}nep_j:ln}n_lu_Fqfh]_r]ighslvl@ªDh*® h]q_HFoH^`ln}ueg_}n_FzlnjHq]Hh]ikjveg}n_.zjv}U_igip_W_Ftyl
w
j½½jHqSlnjvD_
_{sr]ipoDe³ln_
w
jHqt[igj`tuh]eplu_
w
_@i¯® luh
w
_H 
#_Etlu_Etlt/roD}yln_qSl7tyh}*·


iB® egqsÊh]_Fqz_
w
h^jvegigigjHH_ ﬂµFH_qSlnh]_ikt[__lt
w
_«oD}
w
¤


iB® egqsÊh]_Fqz_
w
hrjDt
w
_lu_F^`rt


iB® egqsÊh]_Fqz_
w
_@ikj
w
ektljvqz_
w
® jHr]r]igegzFjmluegoHq
w
_@ikjWipoDe
w
_rjv}noHe
w
jvqt[ig_@zjHt
w
h	^`o
w
\Fip_¹º»D


iB® egqsÊh]_Fqz_
w
h^`o
w
\ig_
w
_luh}u«]hip_Fqz_°·igjH^WegqjHep}n_H]¹Wº».j½H_Ez-oDhtnjvqt#igoHe
w
_rjv}noHe¯


iB® egqsÊh]_Fqz_
w
hq]oD^«]}n_
w
_@/_xfq]oDi
w
t 
= I8 ?
$
;
<

<µÉ <µÆF    <µÉµÉ  T $
±­® luh
w
_
w
_.ty_Fqtyeg«]egipeplu.tF® _Ftyl[r}uegqzegrjHip_F^W_FqSl²µoszFjvigegtu_@tuh]}*·


h]q.^jvegigigjHH_­D
w
_Etlnepq]£/mjHiph]_F}*ikj7mjvige
w
e³ln
w
_#iB® ZfxSrOovlnZ]\Ftu_
w
® EzoHhip_F^W_FqSl*«]e
w
ep^`_FqtyegoHqq]_i
ﬂÕz_lyln_/ZfxSrOovlnZ]\Ftu_7tu_^«ip_[}n_^`egtu_[_q`zjHhty_[rjH}­Łv_Fqtnty_Fq  %­mjv^t
w
jvi¥g¦H¦¤¨©
w
jHqt
w
_Et°zjHigzh]igt
zoD^WrOoH}ulnjHqSl
w
_Ft/jHturO_Fz¤lt/±*¡­c!¤


w
_Ft7^`jHepigikjvH_Et/v r]ight/oDh^`oHegqt
w
_qtu_FtF 
±*_Ft}uEtyhi³ljmlntWzoDqz_F}uqjvqSlig_r]}n_^`eg_}WroDepqSl`oHqSl`luoH«sln_qfht`£¢rjv}ulueg}
w
® h]q ^`jHepigikjvH_v"lu}n\Ft
D}uoStutueg_}[zoH^`rOoH}ulnjHqDl7¦FHWrOoHegqSlnt
w
oDqSl7a¦ErOoHegqDlt[²µ}noHqSlueg\}n_H ]±*_@^`jHepigikjvH_@DhsluegigegtuzoD^`roD}yln_
DSHvWq]of_h
w
t
w
oDqSl-aDSv`rOoHegqDlt7²µ}noHqSlnep\F}u_Et O#_^jvegipikjvD_@_FtylU}n_ikjmluegH_F^`_qSl-H}noDtntuep_F}Fsig_FtUipeg^`e³ln_Ft
lnjHqDlUep^`rOoDtu_Ft7rjv}Uip_Et7zjHrjHze³lnFt
w
_igj`^jDzZ]epq_H !ËizoD^WrOoH}ulu_WvWlu}jvqzZ]_Ft/EªSh]e
w
egtylnjHqDln_Ft ﬂBtyoDe³l
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 ¦½
HHroDepqSlnt²µ}noHqSlnep\F}u_Urjv}/tu_Fz¤lnepoDq tyh}hq]_ipoDq]Hh]_Fh]}
#
FDjHip_£_FqfSeg}noHq5¦D  .²µoHektigjWikjv}nH_Fh]}# w _
ikjW^jHªSh]_lulu_D ±*j`tuep^h]igjvluegoHqH r]}n_q w _FqfSeg}noHqS  |-> 
±*_Ft}nFtuh]iplnjvlnt w _Et4tuep^h]igjvluegoHqt:tyoDqDl:tuhzFz_FtntuepD_^`_qSl4zoD^Wrjv}nFtjvh]{ }nFtuh]i³ljmlt_{srO}nep^`_qSljvhs{
ﬂ epDh]}u_@a [_ljvhs{	}uEtyh]iplnjvlnt w h^Wo w \Fip_WvÅzoH}n}u_EtyrOoHq w jvqSl ﬂ egHh]}n_  ´7oDht7j½DoHqt[}n_r]}nFtu_qSln
ig_Ft/zZjv^`rt w _@r]}n_FtntuepoDqjvh]luoHh} w _igj`^jHªSh]_lyln__Fq
#
!%
#
!^:_lﬀ<
#
!#% 
U_#²Õj oDq.HFq]}jvig_HoHqq_­}n_ig\H_­rjHt w _½jH}uekjv«epige³ln w hzZjv^`r w _r]}n_FtntyegoHq.tuh]egmjvqSl(ikj-igoHqHh]_Fh]} w _
ikj@^jHªSh]_lyln_H f±*jtu_hip_ w e³}n_qz_-rO_}z_Frslueg«]ig_Ujvrrjv}j jkl#jvhqepD_Fjvh w h:«OoH} ww ® jvlyljHªSh]_ ﬂBzjHrslu_Fh]}nt
¦½_l4¦F'¤  Ëi­_Ftylz_Fr_Fq w jvqSljDtutu_À w ep¬4zegip_ekze w _r]}nFzektu_}.tF® egi­tF® jHHepl w ® h]q¼_O_lqfh]^`}negªSh]_`oDh
w ® h]qzoH^`roD}yln_^`_qSl/r]ZfxstyekªSh]_ w _iB® FzoHh]ig_^`_FqDlE 
±(jzoH^`rjH}njHegtuoHqj½H_Fzig_Ft6}nFtuh]iplnjmlt6_{srO}nep^`_qSljvhs{ﬂ epDh]}u_/a (epq w egªSh]_/h]q_/«oDq]q]_/}n_r]}no w hz¤lnepoDq
w _°igj[^`oDq]ovlnoHq]eg_ w h.r]}novi w _°r]}n_FtntuepoDqU^jvigH}n~h]q]_­ipFH\}n_°tuoHhtÂ_Etlnep^jvluegoHq@tyh}*ikj[rjv}ulueg_~epq]²µ}nep_Fh]}u_
w hrOoHqSl_l~h]q]_ipFH\}n_#tuh]}n_Ftylueg^jmluegoHqtyh]}6ikj-rjv}ulueg_#tuh]rF}ueg_h}u_D ½±*_Ft(}uEtyhi³ljmlnt w ep\}n_qSlFDjHip_F^W_FqSl
tu_qtyeg«]ig_^`_qSl@_qSlu}n_`ip_Et@zjHrslu_Fh]}nt@_l4¦E] w jHqth]q]_ÀFoHq]_`o)ftu_ w H_FipoDr]rO_r]}noH«jv«]ig_^`_qSl@h]q]_
}n_Fzep}zhigjvluegoHqQ s´7oDht[x:}n_feg_q w }uoDqt w jvqt[ikj`ty_Ez¤lnepoDq]  a 
±*_Ft`^`o w \ig_Ft4H _l4H w oHq]q]_FqSltu_qtyeg«]ig_^`_qSlip_Et`^`Á^`_Ft}nFtuh]iplnjvlntFig_Ft w e³}n_qz_Ft`ig_Ft`r]ight
eg^`roD}yljvqSlu_Et[tyh]}nH_FqjvqSl[jvh:qepD_Fjvh w _Ft²µoD}yln_Ft}nh]rsluh}u_Et w _UrO_qSlu_ w _UikjWHoD^`lu}neg_ ﬂÕzFjvrsln_h]}t¦£
¦E_lUv`£v'¤ 
¾igoH«jHip_F^`_qSlFFepiS}u_EtutuoH}ul
w
_#z_~lu_Etl
w
_­tu_qtueg«]epigeplu#ªSh]_­ip_°^`o
w
\Fip_#¹*ºU»#q]_°}n_Ftyluepluh_­rjDt
w
_#zFjv}jHz¿
ln\}n_-H
w
_-i¯® FzoDh]ig_^`_qSl ﬂÕroDh]}­h]q^jHepigigjHH_-D ln}u\Et°H}noDtntuep_F}
w
jvqt­igj
w
ep}n_FzluegoHq`rO_}nr_Fq
w
ekzh]ikjveg}u_
£	i¯® EzoDh]ip_F^`_qSl  *¡~q¼zoDqtyEªSh]_qz_Hq]oDht}u_Etln}u_Fepq
w
}uoDqtiB® lnh
w
_4ªSh]e­tuh]epl£
w
_Ft}n_r]}nFtu_qSljmluegoHqt
«e
w
eg^`_qtuegoHq]q]_Fipig_FtF 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
3D : z=1/4L×
⊕
⊕
⊕
⊕
⊕⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
3D : z=1/2L⊕
♦
♦
♦
♦
♦ ♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
3D : z=3/4L♦Experimental
  a


,4#*"ﬂ .%&$"ﬂ'&!#
1*
 ,- & (  ¹º»   (+&"ﬂ'!!#
2
0$ .4 '&"!],-&U
1*
^_^ ß`/a!b&cd
¦E   &"!") , ,-//.#"! &

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
×
×
× ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
3D : z=1/4L×
⊕
⊕
⊕⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
⊕
3D : z=1/2L⊕
♦
♦
♦♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
♦
3D : z=3/4L♦2D
 	Â


,4 "ﬂ* &* %& ")'!!#
2
0* , ﬀﬁ.+    ¹º »  $ $,- & 

 
|oHh}°z_/ªSh]e]_Ftyl
w
hty_EzoDq
w
rOoHegqSlFvig_/zjHigzh]i]jlu/_O_Ez¤lnh]7tyhzz_EtutuegH_^`_FqDl~tuh]}~h]q`^jvegipikjvD_
w
_
}n²µF}u_Fqz_ ﬂµhslnepigekty
w
jHqt6iB® _Ftntu_qSlueg_i
w
_Ettueg^h]ikjmlnepoDqt (zoD^`roD}yljvqSl¦EHDD[q]of_Fh
w
t
w
oHqSl[¦H¦½v7rOoHegqSlnt
²µ}noHqSlnep\F}u_r]h]ekttuh]}h]q ^`jHepigikjvH_}njv¬q]igoszjvig_^`_FqDl ﬂµr]ight@turEzekjvig_^`_qSl_qSlu}n_ig_FtzFjvrsln_h]}t¦W_l
D #zoD^WrOoH}ulnjHqSl¦FaD§H§Haq]of_Fh
w
t
w
oDqDl@¦EHvaroDepqSlt²µ}uoDqDlnep\F}u_D ]cfh]}7z_@tu_FzoHq
w
^`jHepigikjvH_Dfigj
w
_Fqtyeplu
w
_@roDepqSlntUj`ln.ty_Fqtyeg«]ig_^`_qSlUjHh]H^`_FqDln_@tuh]}7h]q]_zoHhzZ]_
w
_m^`^ jvhslnoHh]}
w
_.igjtylu}nhzluh]}n_ ﬂµoDq
j:igjHegtntuig_Ftjvhsln}u_Et-rjH}njH^`\lu}n_Ft-epqzZjvq]DFt*·^`o
w
\ig_
Ì
¿©_rtuepigoHq=j½H_Fz.ipoDe
w
_rjH}uoDe£ V J = $ =)='&  

G J = $ =g=)='&_l.feplu_Etutu_`}u_
w
h]eplu_£:$ %,  !  ±*_Ft}nFtuh]iplnjmltoH«sln_qfht@tuh]}@ip_4zZjv^`r
w
_Wr}u_EtutuepoDq
ﬂ epDh]}u_#  q]_
w
epO\F}u_FqDlty_Fqtyeg«]ig_^`_qSl6ªDh_
w
jvqtQikj/ÀoDq]_°o)f.tu_­r}uo
w
h]epl*h]q_­}n_Fzeg}zh]ikjmlnepoDqQe¯  _D htylu_
£`i¯® j½½jHi
w
hSjv}
w
_¿¯²µoHhjv^`oHqSlE ±*j`}n_r]}nFtu_qSljmluegoHq
w
h¢zZjH^Wr
w
_@Seplu_Etutu_ ﬂ egHh]}n_W epq
w
egªSh]_ªSh]_
ikjipoDq]Hh]_Fh]}
w
_@z_lylu_}n_Fzep}zh]ikjmlnepoDq4_Ftyl/«_EjvhzoHh]r	r]ight[H}jvq
w
_
w
jHqt[ig_zFjHt
w
h	^jvegipikjvD_-H}noDtntuep_F}
ªSh]_
w
jvqtig_	zFjHt
w
hM^jHepigigjHH_qQ  UqM}n_^jv}ªSh]_4Sjvig_^`_qSlªSh]_	ikj¢r]}n_FtntyegoHqM}u_Etln_ªShjHtueg^W_FqSl
zoHqtylnjHqSlu_
w
jvqt°ig_Ft~ÀFoHq]_Et~o)f`ikj@fe³ln_Ftnty_/mjv}neg_/r_FhoHh`rjHtntu_/rjv}°hq_{flu}n_^h]^Åigoszjvi¯ #_Ft~Hh]}n_Ft
q_@igjHegtnty_FqSl7rjHt7jHr]rjH}nj`jgln}u_
w
® jv^`igepoD}njvluegoHq	}uF_igip_
w
_Ft/}nFtuh]iplnjmlt7jvr}u\Et[}njv¬`q_^`_qSl
w
h^jvegigigjHH_H 
#oD^`rslu_@ln_qfh
w
h¢zo

lUig_H
w
_FtUzjvikzhigtUj½H_Fzig_.^jvegigigjHH_q ﬂ
w
_i¯® oH}
w
}u_
w
_4¦FDvZ5|-> qoHht
h]luegipekty_F}uoDqtip_@^jHepigigjHH_ip_@ripht7H}noDtntyeg_}
w
jvqt[ip_Et/tyeg^h]ikjmlnepoDqtF 
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 ¦m
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique maillage fin
×
×
×
× ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
× ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×experimental
numerique maillage grossier
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 	O

  
,4/(%54U")!! 	3&
1./R  (	& /  % "ﬂ  &,-&U
 	 ,-]]  
E
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.00
0.13
0.26
0.39
0.52
0.65
0.78
0.91
1.04
1.17
1.30
.
Vitesse 
Capteur 
Champ de vitesse 
maillage grossier
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ maillage fin
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
  Â

 
,4/(	 ﬀ]
2!.$ "!,-'(E3!
2&UR   %. / )* % "ﬂ ., ./
 % , *]]+ 
E
^_^ ß`/a!b&cd
¦E   &"!") , ,-//.#"! &

= I > ?
$
;
<  <µÉ <µÆF  M  ) $Æ $f M
±*_Ftlu_Etlt/__Fzluh]Et/oHqSl/}nHFip@ªSh]_°·


h]q¼rjDt w _`lu_F^Wrtlu}noHrig_D`ipektutu_4z_F}yljvegqtr]Z]Fq]oH^`\Fq]_Ftr]ZfxstuegªSh]_Et Q|oHh}z_4ªSh]e°_Etl w h
zZjv^`r w _-r]}n_FtntyegoHq`rjH}­_{f_F^`r]ip_DDi¯® __l/ty_/ln}nj w h]epl#rjH}­h]q_-}n w hzluegoHq w _Et­D}nj w eg_qSlnt w jvqt
ip_Et/ÀoDq]_Ft w _@i¯® oH«tylnjDzig_ªSh]eÂr}uEty_FqDln_qSl w _²µoH}ulu_Et[mjv}negjvluegoHqt w _@DoH^`lu}nep_ ﬂ egHh]}n_@ ¤ 


h]q rjHt w _lu_F^Wrtlu}noHr¢²ÕjHep«ip_%ﬂ

GﬀJ &$ ﬃp=   £fe³ln_Ftnty_W}uF_igip_ -zoHq w h]e³l.£ w _Ftegqtylnjv«epige³lnFt
qfh]^`}negªSh]_Et[roDh]}/ip_@^`o w \Fip_.¹Wº».j½H_Ez-igoHe w _rjv}noHe¯ 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique dt=0.0005s
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
numerique dt=0.05s
×
× ×
×
×
×
×
×
×
×
×
×
×
×
×
×
× ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×experimental
  

 
*, 4U(% 4U"ﬂ&! E3!
2./R$ ) 	&$4# %(
1.,4/
jvqt.ig_FtWtyeg^h]ikjmlnepoDqtªSh]e[tuh]epD_qSlF(ip_rjHt
w
_4ln_^`rtWj_qMHq}jvi°luzZoHektye
w
_tuoH}ulu_:ªShQ® h]q]_
rjv}uluekzh]ig_`igjDzZ]_W_qh]qrOoHegqDl@q]_rjv}zoHh}ylrjHtripht
w
_¦ 
w
_ikj	igjH}uD_h]}
w
_`i¯® oD«tylnjHzip_`_Fq hq
rjHt
w
_lu_F^`rt 
= I I ?
$
;
<

<µÉ <µÆF  M "  ADÆ $ V
±*_zZ]oHep{
w
hrjv}jv^`\ln}u_V
w
oDe³l-Álu}n_]{s
w
_@^jvqep\F}u_@epluF}njvluegH_@rOoHh]}7Sjv}jvqSlueg}7ªSh]_$V6OJ



jHr]rjH}ylnep_Fq]q]_@jvh
w
oH^jHepq]_
w
® jvrr]ipekzjvluegoHq
w
_igj`igoHe
w
_./_ekzZjv}
w
lﬁﬂµe¯  _D & V6  ﬃp=g= ¤ 
#_WrjH}njH^W\lu}n_._{s_F}nz_h]q]_WegqsÊh]_Fqz_`tyh}Uig_WzFjvikzh]i
w
_igjfe³ln_Ftnty_
w
_²µ}uoHlylu_F^`_qSl_l
w
oHqzWtyh}Uig_Ft
zZjv^`rt
w
_luh]}n«]h]ig_qz_H
w
_[fe³ln_Ftnty__l
w
_[r]}n_FtntyegoHq* E±*_Ft6tyeg^higjvluegoHqt6ªSh]efoHqSl6lu[_O_Ez¤luh_Ft
w
jHqtip_
zFjHt
w
_-igj^jHªSh]_lyln_7}u_Ez¤ljvq]Dh]igjHep}n_
w
® Frjvektnty_Fh]}~aDz^ ﬂÕz² Scf_Ez¤lnepoDq:s ás g¦ (oHqSl°}nHFip7ªSh]_5VzoDqSlu}Hig_
ikjrOoDtue³lnepoDq
w
_4ikjÀoDq]_
w
_
w
ljHzZ]_F^W_FqSl.luoDh]}u«epigipoDq]qjHep}n_H (#_r]Z]qoH^`\q]_:_Ftyl^`oHegqt.q]_lrOoHh]}
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 ¦E§
ikj¢^jDªDh_lyln_ w _¸egipikjvh ﬂ epDh]}n_§ .o)fKikj5tu_hip_ w e³}n_qz_tu_qtyeg«]ig_tuh]}ufeg_qSl w jvqtigj5ÀoDq]_ w _
}n_Fzep}zhigjvluegoHq:Dq]F}uF_Urjv}/ig_@Djv} w _¿B²µoDh:jv^`oHqSlE 
±*_Fttyeg^higjvluegoHqtoHqSl6jvhtntyef}nDig#ªSh]_ipoD}ntnªSh]_CV/_Etl6lu}noHr.²Õjveg«]ip_ﬂ w _i¯® oH} w }u_ w _ ﬃp=

ﬁ
rOoHh]}°¸egigigjHh ¤
i¯® FzoDh]ig_^`_qSlQq]_­tu_­tylnjH«]epigekty_~r]ight*_q@ÀoDq]_ w _°r}uoszZ]_~rjH}uoDeB |oDh]}Qig_Ft*tueg^h]ikjmlnepoDqtq]oHhtQr]}u_Fq w }noHqt
V JL= $ =)= &  ªSh]e(zoHqtlne³lnh]_h]qzoH^`r]}noH^`ekt[_l7jHtntuh]}u_ikjW½jHipe w eplu w _ikjWipoDe w _@/_ekzZjH} w lE 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique delta=0.005
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊experimental
numerique delta=0.05
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
× ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
× ×
×
×
×
×
×
 	§

 
,4 "ﬂ* &* 	!(
 
*, 4U % 4U"ﬂ&! E3!
2./R$ )WV JZ= $ ='&  .
_V JL= $ =)= & 
= I+O ?
$
;
<

<µÉ <µÆF  Ä )LASÉ $%) $Æ½ 

*É $
;
È $
¶eg_qMªSh]_4riphtueg_h]}t.^`o
w
\ig_Ft
w
_lnh]}u«h]ip_Fqz_	tyoDep_FqSl
w
ektyrOoHq]eg«]ig_Ft
w
jvqt´Ucs  ~c(egi#tF® jvHeplekze
r}uegqzegrjHip_F^W_FqSl
w
_lu_Ftylu_F}/_l-zoH^`rjv}n_}ig_Ft/}nFtuh]iplnjmltQ·


w
h^`o
w
\ig_@igjH^WegqjHep}n_


w
h^`o
w
\ig_¹º».tnjvqt[igoHe
w
_@rjv}noHe


w
h^`o
w
\ig_¹º».j½D_FzipoDe
w
_@rjH}uoDeﬂ0ViJL= $ =)='& 
´-oHhtWj½HoDqt@}n_rOoH}ulu:tuh]}igj(egHh}u_¢¦E¢ig_Ft}uEtyh]iplnjvlnt
w
_tueg^h]ikjmlnepoDq¼oH«sln_qfhtWj½H_Fz`ig_Ft^`o
w
\ig_Ft
ikjv^`egqjveg}n_/_l­lnh]}n«]h]ig_qSl[¹-º	»UigoHe
w
_-rjH}uoDeﬂV9J = $ =g= &   Uq4j@eg^`roStyUegze£.i¯® _qSlu}n_7hq]_7fe³ln_Ftnty_
}n
w
h]e³ln_ R

 
! ﬃp= *±Q_:^Wo
w
\Fip_:igjH^WegqjHep}n_}u_Fr]}no
w
h]e³lzoH}n}u_Ez¤ln_^`_qSl.ig_:zZjv^`r
w
_:r]}u_EtutuegoHq¼tyh}.igj
rjv}ulueg_Ujv^`oDqDl
w
h4ljv«]igep_F} ﬂBzjHrslu_Fh]}ntU¦U£D D_FqSlu}n_-ig_Ftzjvr]lu_h}nt#D@_l[Ha._q}u_FmjvqzZ]_DHig_UzZjH^`r
w
_r]}n_FtntyegoHqoD«slu_FqSh=j½H_Fzig_^`o
w
\Fip_igjH^WegqjHep}n_@_Ftyl-ln}u\Et
w
epOF}u_FqSl
w
_Et-}nFtuh]iplnjmlt7_{frO}neg^W_FqSlnjvh]{ 
±*_-^`o
w
\ig_7lnh]}n«]h]ig_qSl
w
oDq]q]_rjv}zoDqDln}u_
w
_Ft#}uEtyhi³ljmlnt­lu}n\Ft#tujvluekt²ÕjHegtnjvqSlt
w
jHqt#z_lulu_-ÀFoHq]_DSz_UªSh]e
egq
w
ekªSh]_-r}uoD«jv«]ig_^`_FqDl[ªSh]_-ig_Ft#r]}nofz_Ftntyht°r]ZfxstyekªSh]_FtªSh]eOx4tyh]}nfep_Fq]q]_FqDl ﬂµq]oHlnjv^`^`_qSl[ip_-²Õjvepl[ªSh]_
^_^ ß`/a!b&cd
H   &"!") , ,-//.#"! &

ig_#Êh]e w _#}n_Ftylu_  zoHigip ­jvh.ljv«]igeg_}6tyh]}6tnj/²ÕjHz_#egqs²µF}ueg_h]}n_ *tyoDqSl(^`ep_Fhs{.}n_r]}no w h]eplntF  ËifrjH}nj`jglipFHeplueg^W_
w _°r_Fqtu_}*ªSh]_°ig_~Êhe w _DEªSh]eD_FtylQepqv_Fz¤ln w jHqtÂq]oHlu}n_­zjDtQj½H_Ezh]q@²Õjveg«]ig_~lnjHhs{ w _~luh]}n«]h]ig_qz_HEj w oDrslu_
hqWzoH^`roD}yln_^`_qSl6igjH^`epqjHep}n_#tuh]}~h]q_#rjH}ylnep_ w hWr]}novif_l w _fep_FqSl(lnh]}u«h]ip_FqSl6_Fqtuh]e³ln_ w jvqtikj-ÀFoHq]_
ogfigjzoHhzZ]_7igep^`eplu_7lnh]}n«]h]ig_qSlu_U_Ftyl­r]ig_egq]_^`_qSl w D_igoHr]rO_D f#_Ft#zoDqzightuepoDqt°tuoHqSl#£@}jvr]r}uoszZ]_F}
w _z_igip_Et w ® h]q]_@lnh w _ w ® FzoHh]ig_^`_FqDl-jHhsluoDh]} w _@«]h]ig«O_ w _@«jmln_FjHh=¥áE¨© O#_lulu_@lnh w _D]«jHtu_tuh]}/igj
zoH^`rjH}njHegtuoHq w _zof_¬4zeg_qSlnt w _lu}j j q]_oH«]lu_qfht[rjv}[r]ightyeg_h}nt[^`o w \ig_FtﬁﬂÕigjH^`epqjHep}n_Hflnh]}n«]h]ig_qSlnt
¹Qº-»#ipegq]FjHep}n_~_lq]oHq]¿¯igepqFjveg}n_  j½H_Ez w _Ft*^W_Etyh}u_EtÂ_{srO}nep^`_qSljvig_FtQegq w ekªSh]_­ªSh]_°ig_°^`o w \ig_#¹Qº-»­qoHqs¿
igegq]FjHep}n_7¥g¦F½¨ w oHqq]_­ig_Ft(^`_egipig_h]}t(}uEtyh]iplnjvlntF ½#_#^Wo w \Fip_#q]oHq]¿¯igepqFjveg}n_°_Ftyl(_Fq.oHhsln}u_#ip_ty_Fh]if£7r]}n w eg}n_
hq`zoH^`rOoH}ulu_^`_FqDl~ªShjHtuep¿¯ikjv^`egqjveg}u_[tuh]}6ip_[lnep_F}nt~jH^WoDqSl w h«]hip«O_/_l°h]qzoH^`roD}yln_^`_qSl6luh}u«]hip_FqDl
tuh]}7ig_.}n_Ftylu_ w _igj4tylu}nhzluh]}n_H "Ëi(roDh]}n}njzoHqtyluepluh]_F}7h]q]_HoHeg_ w ® epqfD_FtyluegDjmlnepoDqhi³ln}nep_Fh]}u_D |oHh}7ip_
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique laminaire
×
×
×
×
×
×
×
× ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
experimental numerique k-epsilon loi de paroi
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 	.¦E

 
,4 "ﬂ* &* %& 
 
*, 4U 	 4U"ﬂ&! 	3&
2&UR  )+! , ﬀﬁ.+& +*,(] ]"ﬂ &


#"3&#+&U

^`o
w
\Fip_:¹:º »tujHqtipoDe
w
_rjH}uoDeBÂoDqep^`rOoDtu_h]q]_4feplu_Ftntu_W_lh]q]_Fq]_}nHeg_zegq]lnegªSh]_4luh]}n«]h]ig_qSlu_
qfh]igig_Ft£ igj rjH}uoDeB °|oDh]}igj
w
ektntyegrjmlnepoDq »¢_q }u_FmjvqzZ]_D~epi7zoHqffep_FqSl
w
® eg^`roSty_F}h]q]_¢zoDqtylnjvqSln_
qoHq5qfh]igig_¥g¦am¨© 3>7q=lu_Etl.jln_O_Ez¤luh`tuh]}ikj:^jHªSh]_lyln_}n_FzlnjvqHh]ikjveg}u_^`epqz_
w
® Frjvektutu_h}UaSz^
ﬂ epDh]}u_UD   ËiO^`_l_q4FSe
w
_Fqz_7i¯® epqze
w
_qz_-q]oDq4q]DipegH_Ejv«]ig_
w
_UiB® eg^WrOoDtuepluegoHq
w
® h]q]_ipoDe
w
_Urjv}noHe
tuh]}#ip_-zZjv^`r
w
_7r]}n_FtntuepoDqW_l
w
oDqz7tuh]}­ikj@rOoDtue³lnepoDq
w
_Ft­ÀoDq]_Ft
w
_
w
EzoHigig_^`_qSl­_l
w
_
w
lnjDzZ]_^`_FqDl
lnoHh]}n«]egipigoHqqjveg}u_D 
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 ]¦
= I = ?
$
;
<  <µÉ <µÆF 
;
Ä  $%) $5 $'&
;
ÄOÉ )
|_h w ® luh w _FtWtyoDqDl w egturOoHq]eg«]ig_Ft w jvqtigj5ipeplyln}jmlnh]}u_tyh]}igj=ty_Fqtuep«]egige³ln:jvhKqoH^«}u_ w _:/_xS¿
qoHi w t,4i6 w h:zoHh]r]ikjvD_/Êh]e w _¿©tylu}nhz¤lnh]}n_H D±­® egqSluF}uÁl w ® h]q]_U}u w hz¤lnepoDq w h4qoH^«}u_ w _/_Fxfq]oHi w t°_Etl
w oHh]«]ig_°·Ojv^`igepoD}u_F}/igj:tljv«]egipeplu w _FtUzjvikzhigt7luoHh]l-_q5jHh]H^`_FqDljvqSl7ig_.rjHt w _@ln_^`rtU_l-rO_}n^`_lyln}u_
hq]_zoH^`rjH}njHegtuoHq=j½H_Fz w _Et@tyeg^h]ikjmlnepoDqt^`_q]F_Ft_q }nHeg^`_`igjH^WegqjHep}n_
ﬂÕip_Et@zjDtlu_Ftylnt^`_Fq]Ft_Fq
}nDep^`_`ikjv^`epqjveg}u_`j½H_Ezig_Ft@feplu_Etutu_Ft}n_Fipig_Ftegqm_Fzlu_Et@_q¼tuoHh	_F}ueg_¿ w _iB® oH} w }n_ w _ ﬃp=  !¿ w e³¿
D_}nH_FqDl ¤ 
±(j egHh]}n_M¦D¦¢r]}nFtu_qSlu_=ip_Et	zZjv^`rt w _=r]}n_FtntuepoDq zjvikzhipEt£MSeplu_Etutu_ }uF_igip_¢_l	}n w h]e³ln_ ﬂBjvr]}n\Ft
^h]ipluegr]ipekzjvluegoHq rjv}:hq ²ÕjHzlu_h} w ® FzZ]_Fipig_ w jvqt:ip_ ty_EzoHq w zjDt   Uq oD«slueg_qSltu_qtueg«]ip_F^`_qSlig_Ft
^`ÁF^W_Et}uEtyh]iplnjvlntFÂz_ªSh]e°jHzFz}n w eplu_WiB® ZfxfroHluZ]\Ety_ w ® epq w rO_q w jHqz_ w hzZjH^Wr w _`r]}n_FtntyegoHq¢fekt¿Ë£m¿
fekt w _4i6D ±Q_Et-zZjH^`rt w _fe³ln_Ftnty__q¢}n_mjvqzZ]_ ﬂ egHh]}n_4¦½  w e³\}n_qSlUriphtUq]oHlnjv«ip_F^W_FqSlF^jHegt
ikj	tln}uhzluh]}n_ w _i¯® FzoDh]ig_^`_qSl ﬂµ^`oHq]oHluoDq]ep_ w hzZjv^`r w _feplu_Etutu_HigoHq]Dh]_h]} w _W}n_Fzeg}zh]ikjmlnepoDqQ p g  
}n_Ftylu_e w _qSlnegªSh]_rOoHh]}7ig_Ft w _hs{	Seplu_Etutu_FtF 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique U/10
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
experimental numerique U reelle
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
× × × ×
×
×
×
×
×
×
×
×
 	¦H¦


!  /. * , 3&"ﬂ(	  + #" (
 
*, 4 %54U"ﬂ&!
±(j epDh]}n_5¦F¢r]}uEty_FqSlu_:ig_FtWtu}nep_Et.ln_^`roD}u_Fipig_Ft
w
_	r]}u_EtutuegoHq¼oH«]lu_qfh]_EtrOoHh}WzZjDªSh]_4fe³ln_Ftnty_
ﬂ5>7}n_Fipig_._li>7}n_Fipig_s¦F 7jvhq]egH_Ejvh
w
h5zFjvrsln_h]}UaD
w
jvqt-igj:ÀoHq_.o)f5tu_.r]}no
w
h]ekty_FqSl-ip_Et
w
lnjDzZ]_¿
^`_FqDltluoDh]}u«epigipoDq]qjHep}n_FtF $Uq}n_ig\D_ªSh]_ig_@q]oH^«]}n_
w
_@cflu}noHh]ZjHi
w
oHqq]@rjv}[ikj`}u_FigjvluegoHq@·

 
J
	

R
ﬂy¦½ 
^_^ ß`/a!b&cd
D   &"!") , ,-//.#"! &

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.000
0.135
0.270
0.405
0.540
0.675
0.810
0.945
1.080
1.215
1.350
.
Vitesse 
Capteur 
Champ de vitesse U/Uent 
U/10
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ U reelle
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
× ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
× ×
×
×
×
×
×
×
×
 	*¦½


&  /. *  , 3!")(	   + #" + 
 
,4 %]
2!.
ogf
	
_Ftyl7igjW²µ}nFªSh]_Fqz_
w
_
w
ljHzZ]_F^W_FqSl/luoHh}u«]egigipoDq]qjveg}n__l _Ftyl7iB® rjvektutu_h]}
w
_.igj`^jDªDh_lyln_H
_Etl7egqsÊh_qz.rjv} 476 ﬂµ}nFtuh]i³ljmlUzoH}n}uoD«oD}u
w
jvqt@¥ aH¨  UqoH«]lueg_qSl-}n_Ftur_Ez¤luegH_F^`_qSl

 
JL= $ <'&^=W_l

 
JT= $ : &#%`rOoHh]}ﬀ>-}uF_igip_@_l >7}n_Fipig_s¦F #_.}uEtyhi³ljml7}n_Ftylu_
w
ep¬4zegip_£4epqSlu_F}ur}ulu_}/_l-q]Ez_Ftntue³ln_}j
w
_Ft/zjHigzh]ikt/tyh]rr]ipF^`_qSlnjHep}n_Ft[rOoHh]}7zoH^`r]}n_q
w
}u_iB® oH}negHegq]_
w
_@z_lulu_
w
ep}n_qz_H 
= I
F YÄ
;
ÈHÉÕ(<ÕÄ
;
 ) $f`Æ $SFÆF
´-oHht/}n_lnep_Fq
w
}noHqt
w
_.z_Ftln_Ftylnt
w
_.tu_qtueg«]epigeplu°·


ªSh]_#ig_FtEzoHhip_F^W_FqSlnt6ªSh]efq]oHhtegqSlu}n_Ftntu_qSl(r]}nFtu_qSln_qSl(r]}negqzegrjvig_^`_FqDl
w
_EtzFjv}jHzlu}nektlnegªSh]_Et
«]e
w
ep^`_FqtyegoHqq]_igip_Et_l@ªDh_rjH}zoHqtuFªSh]_FqSlFOh]q]_W}u_Fr]}uEty_FqSlnjmlnepoDq5v tyh]¬`}j] ´7oDhthsluegigegtu_¿
}uoDqtWip_	^jvegipikjvD_H }u_FigjvluegH_^`_FqDl`H}noDtntuep_F}rOoHh]}
w
_Et`}njHegtuoHqt
w
® FzoDq]oH^`eg_
w
_ln_^`rt
w
_
zjHigzh]iB«]eg_q¢ªSh]_z_.zZ]oHep{q]_q]oHht7rjv}jvektutu_rjHt-_qSlueg\}n_^`_FqDl-tnjmlnegty²ÕjvektnjvqSl ﬂ
w
_Et/lu_Etlt-tuh]rs¿
r]ig^`_qSlnjHep}n_Ft/tuh]}/ikj`ªDh_FtyluegoHq
w
_@iB® egq
w
rO_q
w
jvqz_
w
h^jvegipikjvD_
w
_Ff}uoDqDl/Álu}n__FqSlu}n_r]}negt ¤ 


ªSh]_ip_rjHt
w
_-ln_^`rt
w
oDe³l/Áln}u_oHr]lueg^WekturOoHh}Ffe³ln_}
w
_ipektnty_F}z_}ulnjvegqtr]Z]Fq]oH^`\Fq]_Ft«]}n_²Õt
zoD^W^`_7ig_
w
lnjHzZ_^`_qSl~luoDh]}n«]epigigoHq]qjHep}n_H D|(oDh]}°ig_Ft~_Etutnjvekt~tuh]}°ikj^`jDªSh]_lulu_
w
_¸epigikjvhQvqoHht
hsluegigegtu_}noHqt-h]qrjDt
w
_@ln_^`rt
w
_& $ ﬃ = 
 
 ﬂÕroDh]}-h]q_fe³ln_Ftnty_@}n
w
h]e³ln_£i¯® _FqSlu}n_
w
_iB® oH}
w
}n_
w
_ :$ &  !  


ªSh]_[ip_[zZ]oHep{
w
hWrjv}jv^`\lu}n_ V7egqsÊh_qz_ig_[zZjv^`r
w
_#r}u_EtutuepoDqQ V-jUlnoDrslueg^`egtu
w
_[^`jHq]eg\}n_
£WroDh]HoDep}7jHr]r]igegªSh]_F}/igjWigoHe
w
_./_FegzZjv}
w
l/_qluoHh]l7roDepqSl
w
_ikjtln}uhzluh]}n_H 
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 H
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
-70
-60
-50
-40
-30
-20
-10
0
10
20
30
.
Pression 
Temps(s) 
Champ de pression (capteur 46) 
U/10 U reelle
  ¦E


&  /& $  , 3!"ﬂ %    *+  !#" + %'.
1	
 
&,-&U
 
1*#"3!]]+*/ ]"ﬂ


ªSh]_=^`ÁF^W_
w
jHqt
w
_FtzoDq
w
epluegoHqt_{srO}nep^`_FqDljvig_Ft
w
eplu_Ft	ikjv^`egqjveg}u_Etegitu_
w
H_FipoDr]rO_
w
_
lu_Figt`D}nj
w
ep_FqSlnt
w
_Seplu_Etutu_jvhslnoHh]}
w
_i¯® oD«tljHzip_ªShQ® hq }nDep^`_luh]}n«]h]ig_qSl4t® egqtljvh]}n_H ~¡~q
zoDqtyEªSh]_qz_HSq]oHhtj
w
oHr]lu_}noHqt­tuxftyluF^jmluekªSh]_^`_FqDl[ig_U^`o
w
\ig_@¹º¢»@j½H_Ez7igoHe
w
_Urjv}noHe¯ S¡~q
}uEjvige³lnH]egi(tu_^«]ig_ªSh]_@iB® FzoHh]ig_^`_FqDltyoDe³l7ikjv^`egqjveg}u_.£`r}uo½{seg^Weplu
w
h«oD}
ww
® jmlulnjHªSh]__l-q]_
w
_feg_q]q_:lnh]}u«h]ip_FqSlªShQ® jvh ^`epigep_Fh
w
hMrOoHqSl ﬂÕzoDhzZ]_ipeg^`e³ln_lnh]}n«]h]ig_qSlu_
w
D_igoHr]rO_ ¤ ~±*j
lu}jvqtuepluegoHqikjv^`epqjveg}u_¿Blnh]}u«h]ip_FqSl
w
_^`_h}u_7jDtutu_À
w
Fipekzjvlu_-£.^Wo
w
Fipektu_}­_l­rO_h
w
_Uzo
w
_Ft#tyoDqSl
_q^`_Ftuh]}n_
w
_@igjW}n_Ftyluepluh]_F}7zoH}n}n_Fz¤ln_^`_qSlE 


ªShQ® hq]_-}n
w
hz¤luegoHq
w
h4q]oD^«]}n_
w
_/_xfq]oDi
w
t­qQ® j@rjHt
w
® epqze
w
_qz_Utuh]}­ig_UzZjv^`r
w
_-r}u_EtutuepoDq
jvhslnoHh]}
w
_7i¯® oD«tljHzip_ ﬂµluoHh]lu_Ft­r]}noHrOoH}uluegoHqt~Sjv}
w
_Et m_l
w
oHqz7tuh]}°ig_Ft­_oH}ulnt~}nFtuh]iplnjHqDlt Uq
roDh]}n}nj
w
oHqz^`_Fq]_}ip_Ettuep^h]igjvluegoHqt_qK}n
w
h]egtnjvqSlikjfeplu_Ftntu_4}uF_igip_
w
® hq¼²ÕjHzlu_h}:¦F ﬂÕz_
ªSh]eeg^`r]igegªSh]_
w
_-}n_^h]i³lnepripeg_}#ip_Et­r]}n_FtntuepoDqt°zjHigzh]ig_Ft­rjv}U¦FD.j½mjvqSl­zoD^Wrjv}jvektyoDq`j½D_Fz[ig_Ft
w
oHqq]_Et_{frO}neg^W_FqSlnjvig_Ft ¤ ±*j}n
w
hz¤lnepoDq
w
_ 4i6	jrjH}WzoHqSlu}n_h]q]_	epqze
w
_qz_tuh]}ikj²µ}n¿
ªSh]_qz_
w
® ^`ektutuegoHq
w
_Et7lnoHh]}n«]egipigoHqtF U_W^`jHq]eg\}n_.HFq]}jvig_H]ikj
w
ep^`egqSh]luegoHq
w
_4i6tF® jDzoD^¿
rjvDq]_
w
® h]q_
w
eg^`epqfhslnepoDq
w
_

 
 ~¡~qM}nDep^`_
w
xfqjv^`ekªDh_Hip_EtWzof_¬4zeg_qSlntWjvF}uofFigjDtlnegªSh]_Et
roDh]}n}njHep_FqDl
w
oDqzÁln}u_@jm_FzluEt[rjv}/ig_@q]oHq	}n_Ftur_Ez¤l
w
hq]oH^«]}n_
w
_./_xfq]oDi
w
tF 
  klKﬀﬃ#''ﬃ ﬁ  "
 ﬁﬀ ﬀ!ﬁﬃ kl n
n 
´-oHht(}uEtyh^WoDqt
w
jvqtz_lyln_tu_FzluegoHq.ig_Ft(r]}nepqzeprjvig_Fttyeg^h]ikjmlnepoDqt*ªSh]efoDqDlln#^`_q_Ft*lnjHqSl(rOoHh]}
w
_Ft:zoHqsHh]}jmlnepoDqt_{srO}nep^`_FqDljvig_Ft:igjH^WegqjHep}n_Ft4ªSh]_=roDh]}
w
_FtzoHq]Hh]}jmlnepoDqt_{frO}neg^W_FqSlnjvig_Ft
^_^ ß`/a!b&cd
va   &"!") , ,-//.#"! &

lnh]}n«]h]ig_qSlu_Et *jvqtluoDht.ig_Ft.zFjHtFQq]oDht.j½HoDqthsluegigegtu4ig_^Wo w \Fip_	¹4º »4_qKj w jvr]lnjvqSl@ig_lnjHhs{ w _
lnh]}n«]h]ig_qz_£`i¯® _qSlu}n_@jvh]{zoDq w epluegoHqt[_{frO}neg^W_FqSlnjvig_FtF 
=+O 8 ?
<Õ=*É sÆ<µÄ
;
 $   $fÈvÆ½* $f
±*_Yjv«ip_Ejvh:epq w egªSh]_ig_Ftr]}nepqzegrjvhs{4rjv}jv^`\ln}u_Et w _Et/tyeg^h]ikjmlnepoDqtF S±*_UrjH}njH^`\lu}n_V_Ftyl#{f
£-VJT= $ =)= &  roDh]}7ikj^jHªSh]_lylu_ w _¸egipikjvh* ´7oDht-j½DoHqt/zZoHektye w ® eg^`roSty_F}7h]q]_Seplu_Etutu_@}n w h]eplu_
R 
 
! ﬃ =£`i¯® _qSlu}n_rOoHh]}7z_Ft/tuep^h]igjvluegoHqtF 
R


R     4i6
;
gP ¹ 
 
» 
  c 

 
B  !)H B  ! ^H w _   
d
$ 
ﬁ

d
$ 
d

d
$ 
r
H ]  aS ]  aD¦F
 
 ]   a  D ﬃ = 
 
¦H  §S ﬃp=   §]  H ﬃp= 
 
H s  a¦E§ ] áD4¦F
 
¿Ë ]   a  D ﬃ = 
 
¦H  H ﬃp=   §]  H§ ﬃp= 
 
H s ámaS ]  ]¦W¦F
 
 ]   a áD ﬃ = 
 
s g¦a ﬃp=   §] áD ﬃp= 
 
¦E ¦H  §HS s  D:¦F
 
  ] áH ﬃ =

d
§]  H ﬃp=

ﬁ
f áv ﬃp=

ﬁ
¦E ¦H  H§D§ a  §H¦F
 
¿Ë  ]  S ﬃ = 
d
]  §D ﬃp= 
ﬁ
f  H§ ﬃp= 
ﬁ
¦E ¦H  §HD s g¦F¦F
 

  ]  Ha ﬃ = 
d
§]  ]¦ ﬃp= 
ﬁ
f  §D ﬃp= 
ﬁ
	


],(# 
  .  ]
 !
2
 &/&ﬃ, 	&/.

1(%  ]] 
±*_^jvegigigjHH_	hsluegipektu	zoH^`roD}yln_=¦EHDD	rOoHegqDlt`rjv}`zoDhzZ]_D
w
oHqSl	¦D¦EH¢tyh}Wikj tln}uhzluh]}n_H 6±*j
egHh]}n_`¦aWr]}nFtu_qSlu_h]qÀofoD^
w
h^jvegipikjvD_Uhslnepigekty.jHhsluoDh]}
w
hroDqSlF 
  ¦Fa


*]]+ 
E #
0]  &'54 #"+ , 	&/.
0
2  	/ %  ]]+
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 D
=+O  >
YÄ
;
)_< Æﬀ<µÄ
;
 $  M°'<Õ $
;
Æ É $fÉ  <
;
 < $f
±*_Ft~tuep^h]igjvluegoHqt_Fq`zoHq w e³lnepoDqtigjH^WegqjHep}n_Ft ﬂµe¯  _H mljvhs{ w _#lnh]}n«]h]ig_qz_ w _[ á *oDqSl6lu[^`_q]F_Ft
rOoHh} w _Ft~D_qSlnt w ® egqze w _Fqz_
;
JZ=WFyºq<_lM7<
9
 H|6jv}°zoHqfH_FqDlnepoDqQ
;
}n_r]}nFtu_qSln_i¯® jvq]Dip_[_qSln}u_/i¯® jv{s_
ZoH}nepÀFoHqSlnjHi w hljv«]igeg_} w _rOoHqSl7_l7ig_H_Fzlu_Fh]}7jHtntyoszep£`iB® FzoHh]ig_^`_FqDl w _@D_qSl ﬂ egHh]}n_`¦E  

	?BCFAHX½?ÕVN
	POASNÂX
 	(¦E


 
 
'.,  % %'ﬃ/]
%   *
%+  ].%.
;
Y 	  M )$ M$fFﬀ<µÄ
;
±*_Ft}uEtyh]iplnjvlnt
w
_z_FtWtyeg^higjvluegoHqttyoDqDl}u_FroD}ylnFttuh]}Wip_Et egHh]}n_Ft¦F­¦½_l¦E] 6±Q_Et.^`omxH_Fq]q]_Ft
w
jvqtig_#ln_^`rt~tuoHqSl~}u_FroD}yln_Et*rOoHh]}°zZjHªSh]_[zjvr]lu_h} ﬂÕipegHq_Ft6rjvektutu_Ft *jHepqtyesªSh]_[ip_Et6epqSln_}n½jHipig_Ft
w
_
zoHqsOjvqz_£W§D  ¥ ^`omxD_q]q]_
w
_Fhs{:Ezjv}ulnty¿¯lxSrO_Fty¨QzoD}u}n_FturoDq
w
jHqDlt ﬂÕipegHq]_Etq]_Et  ]|(oDh]}7zZjHq]H_F}
i¯® epqze
w
_qz_
w
hKD_qSlF(oHqKzZjHq]H__Fq¼}uEjvige³ln4iB® egqzigepqjvektyoDq
w
hKroDqSlrjv}}njHr]rOoH}ul£iB® Z]oD}uegÀoDqDljvig_
tu_igoHq	ikj`^WluZ]o
w
_
w
_
w
²µoH}n^`jvluegoHq
w
h^jvegipikjvD_
w
Fz}ueplu_
w
jHqt@¥g¦F§½¨© O#_lylu_oHrO}jmluegoHq	_Ftyl7}nFjvigektyF_
_Fqh]q]_.fegq]vljvegq]_
w
® e³ln}jmlnepoDqt/_qln_^`rtF ¡~igig_rO_}n^W_l
w
_zoHqtu_}nH_F}[ip_Et-zoDq
w
epluegoHqt-jvhs{ipeg^`e³ln_Ft
w
Fz}neplu_Ft
w
jvqt[ig_.Y(jH«]ig_Fjvhs 
±(jtuh]}nr]}n_FtntyegoHq4oD«tu_}nH_jvhq]epD_FjHh
w
h	«oD}
ww
® jmlyljHªSh]__Ftyl/tyxstylu^jvluekªDh_^`_qSl/«]eg_q	}u_Fr]}uo
w
he³ln_
jHepqtye­ªSh]_ig_Ft
w
r}u_EtutuepoDqt@ªSh]e#jHr]rjH}njHegtnty_FqSljHh qepD_Fjvh
w
_Et.rOoHegqSlnt.jHq]Hh]ig_h]{ ﬂÕzFjvrsln_h]}t¦E§](H
_l-S ¤ #_Ft
w
r]}n_FtntuepoDqt[tyoDqDl[lnoHhsln_²µoHekt7tuh]}n_Ftylueg^WF_Ft/jHh	qepD_Fjvh
w
_Et/zjvr]lu_h}nt7H_l-Ss Uq	qovlu_
ekze­h]q]_
w
epOF}u_Fqz_eg^`roD}yljvqSlu_4j½D_FzWig_^Wo
w
\Fip_ikjv^`egqjveg}n_`ªSh]e#ty_F^«]ig_4jHtnty_FÀ`^`jHi°}n_r]}no
w
h]eg}u_Wigj
w
r]}n_FtntyegoHqªSh]e*tuh]}nSeg_qSl-jHh	qepD_Fjvh
w
h¢zFjvrsln_h]}7f¥p¦¤¨6jvegqtue*ªSh]_@igj`}n_^`oDqDln_
w
_@r]}n_FtntuepoDq_FqDln}u_
ig_Ft:zjvr]lu_h}ntS=_lv] #±Q_Ft4FzjH}ylt`lxfr_Et ﬂÕipegHq]_Etq_Ft tyoDqSl4q]DipegH_Ejv«]ig_Ft
w
jvqtig_Ft:}uEtyhi³ljmlnt
qfh]^`F}uekªSh]_Ft@tnjvhs²[_qSln}u_ig_Ft.zFjvrsln_h]}taS_lWv	o)f¼tu_r]}no
w
h]e³l.ig_
w
lnjDzZ]_^`_qSlluoDh]}n«]epigigoHq]qjHep}n_H 
#_Et[FzFjv}ulnt#lxfr_Et/_q}n_mjvqzZ_tuoHqSl/«_EjvhzoHh]r	r]ight/D}njHq
w
t_{srO}nep^`_qSljvig_^`_qSlF 
±*_Ftr]ight6H}jvq
w
_Ft
w
ektyrjH}uepluEt_qSlu}n_#i¯® _{srF}ueg_qz_[_l~ig_^`o
w
\Fip_[tyh}ufeg_q]q]_FqSlOhtln_[£Ui¯® j½mjvi
w
hWDjH}
w
_
²µoDh4jv^`oHqSl
w
jHqt~h]q_7}uFHegoHqWo)ftu_
w
D_igoHr]rO_/h]q]_-}u_Ezeg}nzh]igjvluegoHq`ªSh]_7ig_/^Wo
w
\Fip_¹[º:»-jr}uoD«jv«]ig_¿
^`_FqDl/ªSh]_ikªSh]_Ft
w
ep¬4zh]ipluEt£}u_Etlne³lnh]_}E s¸jvekt­DipoD«jvig_^`_FqDlEDªSh]_Fipig_ªSh]_tyoDe³l[i¯® egqze
w
_Fqz_DSig_Ft#}nFtuh]i³¿
ljmlt#qfh]^`F}uekªSh]_Ft[tuoHqSl[zoHqs²µoD}u^`_Et#£iB® _{srO}nep_Fqz_D #_rO_q
w
jHqSlFsrOoHh]}[h]q]_egqze
w
_Fqz_
;
JTM7<
9
foDq
oD«tu_}nH_
w
_/²µoD}yln_Ft­epqtylnjH«]egipepluEt#tuh]}­ikj@rjH}ylnep_Utyh]rO}neg_h]}n_
w
hljv«]igeg_} ﬂBªSh]eq*® _EtlrjHt#tyoDh]^`egtu_-£@i¯® egqs¿
Êh]_qz_
w
ep}n_Fzlu_
w
_iB® FzoHh]ig_^`_FqDl/jv^`oDqDl jvegqtyeÂªSh]_
w
_Et
w
e³}n_qz_Ft[tu_qtueg«]ip_Et[j½H_Fz-iB® _{srO}nep_Fqz_D 
^_^ ß`/a!b&cd
H   &"!") , ,-//.#"! &

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 
experimental  
 	(¦F


+, ]*]"ﬂ- (*
%+(  ].%.
;
JZ=
9
.
 

,U
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 
experimental  
  ¦m


 +*,(] ]"ﬂ     
*+  ] &	& 
;
Jº<
9
.
 
	
,
/
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 S
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 
experimental  
  (¦F


 +*,(] ]"ﬂ-   
%+  ] &	& )
;
JLM7<
9
&
 R JL:)=  !
Y 	  MÆ½ 

*É $
;
ÆE y¹º»
c
 
_\ <µÆ $fF $_\ <µÆ $fF $ )$ ½ÄÆÆ $s $
;
Æ P$SÆ


±*_Ft@zZjH^`rt@j
w
eg^`_qtuegoHq]q]_Figt
w
® q_}nHeg_`zepqluekªSh]_Wluh]}n«]h]ig_qSln_:¹
w
_
w
ektutuegrjmlnepoDq »S
w
_fektuzoDtue³ln
lnh]}n«]h]ig_qSlu_
c
 

w
_/feplu_Etutu_Ft,R _l-Pjvegqtye]ªSh]_
w
h`rjH}njH^`\lu}n_

=tuoHqSl}n_rOoH}uluEt~tyh}~ip_Et (egHh}u_Et[¦F§]
H_lUs¦D ]±Q_Ft[mjHip_Fh]}nt[egqSlu}no
w
h]eplu_Ft/£Wi¯® _FqSlu}n_@tyoDqSl[h]luegipektyF_Ft/rOoHh}/iB® j
w
eg^`_qtuegoHq]qjHipektnjmluegoHq* 
U_^jHq]ep\F}u_Hq}jvig_Hz_Ft7r}uoHigtUtyoDqSlUªShjHtue(jHhsluoH¿©tu_^«]igjH«]ig_FtF "Ëigt-epq
w
egªSh]_FqSlªSh]_i¯® _Ftnty_FqDlnep_Fi
w
_
ikj@lnh]}n«]h]ig_qz_
w
_rjH}uoDetu_
w
FH_igoHrr_tyh}#ikj.rjH}ylnep_Uepq]²µ}nep_Fh]}u_
w
h:rOoHqSl[o)f4ig_Ft}nh]rslnh]}u_Et
w
_UrO_qSlu_
z}uF_qSl
w
_@²µoD}ylt/H}j
w
ep_FqDlt
w
_.feplu_Ftntu_H ±(jWluh]}n«]h]ig_qz_._q}n_mjHqzZ]_
w
_F^W_Fh]}n_²Õjveg«]ip_tyh]}-igjrjv}ulueg_
tuh]rO}nep_Fh]}n_
w
hWrOoHqSl°rOoHh]}­ip_7zFjHt
;
JL=
9
jvigoH}t~ªShQ® _igip_/_Etl~«O_FjvhzoHhrWripht°ep^`rOoH}ulnjvqSln_[£@z_/q]egH_FjHh
w
jvqt­ip_zjDt
;
J º<
9
 f|oHh]}ig_UzjDt
;
J!M7<
9
_q4}n_mjHqzZ]_HDepitu_7²µoH}n^`_-h]q4luoHh}u«]egigipoDq:ªSh]e
w
_Ftnz_q
w
tuh]}igj.²ÕjHz_Utuh]rF}ueg_h}u_
w
h4lnjH«]igep_F}#_Fq:t® jv^`r]igepjvqSlF f|oHh]}z_lylu_}jvektyoDqQHig_Ft#}uEtyhi³ljmlnt#r]}nFtu_qSluEt°q]_
tuoHqSlrjHt

tylnjH«]epigektyEt -jvigoH}t­ªShQ® egigt#ip_tuoHqSl#rOoHh]}ig_Ft
w
_hs{4jHhslu}n_Ftjvq]Dip_Et 	Uq4q]oHlu_DjHip_F^`_qSl#ªSh]_°·


igj7SektnzoDtueplu6luh}u«]hip_FqDln_°_Ftyl*r]ight*²Õjveg«]ig_­ªShQ® £[i¯® _qSlu}n_°^jHegtÂ}n_Ftylu_
w
_
w
_Fhs{oD}
w
}u_Et
w
_­D}njHq
w
_h}
tyhrF}ueg_h]}n_.£`ikj`SektnzoDtueplu^`oHigFzhigjHep}n_H
w
® o)fhq]_.zoDqDln}ueg«]hslnepoDqr]}uoD«jv«ip_F^W_FqSl[eg^`roD}yljvqSlu_
£Wigj
w
ephtyegoHq
w
_.ªShjHqDlne³ln
w
_^`oHh]D_^`_qSlF


igj.r]igjHH_
w
_7mjvig_h]}t­zoHh]D_}ulu_/rjH}

zoH}n}n_FturoDq
w
«ep_Fq:jvh
w
oD^jvegq]_
w
® jvr]ripekzjvluegoHq
w
_7ikj@igoHe
w
_U7_ekzZjv}
w
lFSig_Ft#ipeg^`e³ln_h]}t
w
h¹`_l[»q]_UtuoHqSl#jDz¤luegHEt­ªSh]_-lu}n\Ft#iposzjHip_F^`_qSl
w
jHqt­ig_Ft#ÀoDq]_Ft
o)f


 ﬃp=


ip_:q]epD_FjHh
w
_`luh]}n«]h]ig_qz_
w
_F^W_Fh]}n_`²Õjveg«]ip_
w
jvqt.igjÀFoHq]_
w
_
w
ljHzZ]_F^W_FqSl@luoHh}u«]egigipoDq]qjveg}n_
ﬂÕzFjvrsln_h]}t[aSW£v'¤
^_^ ß`/a!b&cd
H   &"!") , ,-//.#"! &



w _7²Õj oDq4HFq]}jvig_HvoDq4}n_rO\}n_7ip_Et°igep^`eplu_Et w _Ft°ÀFoHq]_Et w _U}u_Ezeg}nzh]ikjmluegoHqrjv}­ikj w lu_F}u^`egqjmlnepoDq
w _Ft7ipeg_hs{o)fikjWSeplu_Etutu_.tF® jHq]qfh]ip_ ﬂÕ_l-zZjHq]H_ w _tyegHq]_ ¤ jvqt/ip_.zFjHt
;
J!=
9
rjH}/_{s_^`r]ig_H
h]q]_@}n_Fzep}zh]ikjmlnepoDqtu_²µoH}n^W__FqDln}u_@ig_Ft/zFjvrsln_h]}t7_l.¦Fa 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0
28.6
57.2
85.7
114.3
142.9
171.5
200.1
228.6
257.2
285.8
.
 
Capteur 
k/k0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0
18891
37782
56672
75563
94454
113345
132236
151126
170017
188908
.
 
Capteur 
epsilon/epsilon0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0000
0.0432
0.0865
0.1297
0.1729
0.2162
0.2594
0.3027
0.3459
0.3891
0.4324
.
 
Capteur 
nut/nut0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0000
0.0079
0.0159
0.0238
0.0318
0.0397
0.0476
0.0556
0.0635
0.0714
0.0794
.
 
Capteur 
utau/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.000
0.127
0.255
0.382
0.510
0.637
0.764
0.892
1.019
1.147
1.274
.
 
Capteur 
u/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0
6.6
13.2
19.7
26.3
32.9
39.5
46.1
52.6
59.2
65.8
.
 
Capteur 
yplus 
  ¦E§

  
,4/$
#"3!#+./
0 ﬀ]
2!. &


 4 #"
;
JZ=
9
&
  

,U
Y ]ÉÕÈD(É )$f $
 
Ä!½ÆE  )Y ] )CB <
;
È%< )$
;
È $
;
*ÉÕÉ $

±*_FtZ]egtyluoD}uekªSh]_Ft
w
_FtWzZjH^Wrt
w
_r]}n_FtntyegoHqKjHhsluoDh]}
w
h roDqSlrO_}n^W_lyln_qSl
w
_zjHigzh]ig_}ig_Ft_oH}ulnt
_{s_}zFtUrjH}ig_WÊh]e
w
_tyh}ikj	tln}uhzluh]}n_H Â±*_Ft}nFtuh]i³ljmltUzoHqz_}nqjvqSligj:lu}j j q]_.ikj:rOoH}ulnjHqz_
_
_lig_W^WoD^`_qSl tyoDqDlHFq]}jvig_^`_qSlr]}uEty_FqSluFttuoHht-²µoH}n^`_Wj
w
ep^`_FqtyegoHqq]_igip_D O±(j
w
_qtue³ln hOigj
feplu_Etutu_£i¯® _FqDln}uF_ R_l/h]q]_
w
eg^`_qtuegoHqzFjv}jHzlu}nektlnegªSh]_ #
w
h:r]}novi ﬂÕDjHip_ekzeQ£igjigjH}uD_h]}
w
_igj
^jDªDh_lyln_ [tuoHqSl/hsluegigegtu_Et[roDh]}
w
ln_}n^`epq]_F}/ip_Et7zof_¬zep_FqSlnt/zoD}u}n_FturOoHq
w
jHqSlntQ·
  J
9B GIH
r
d
h R
d
#

	J
_
B GIH
r
d
hR
d
#

 
J
 G B5GIH
r
d
h R
d
#
d
ﬂy¦F 
±*_Ft-}uEtyh]iplnjvlntUegtntuht
w
_Wi¯® _{frO}neg_qz_tyoDqSlU}n_rOoH}uluFtUtyh}-ikj epDh]}n_H]  Ëi6t® jvDe³l
w
h=zFjHt7ikjv^`egqjveg}n_
j½D_Fz9R J :)=  !_l
;
J =
9
 ±*j:tyEªDh_qz_.jln.}u
w
h]eplu_£4h]q]_@²µ}jHzluegoHq
w
_tu_FzoHq
w
_ﬂÕ]  Ht [jmq
w
_rOoHh]DoHeg}
w
egtnz_F}uq]_F}Ui¯® H_FqSluh]_Fipig_jHr]rjv}nepluegoHq
w
_tylu}nhz¤lnh]}n_FtUrF}uego
w
egªSh]_Et ﬂÕzoD}u}n_FturOoHq
w
jHqSlU£:hq
w
lnjDzZ]_^`_FqDl[lnoHh]}n«]egipigoHq]qjveg}u_ ¤ 
±(j epDh]}u_:Hr]}nFtu_qSlu_ig_Ft_oH}ulnt.zFjvikzh]igFtrjv}ip_4^`o
w
\Fip_D _S/q
w
_4rOoHh]DoHeg}zoD^`rjv}n_}@ig_Ft
}nFtuh]iplnjvlnt@j½H_Ez`z_h]{
w
_ikj%epDh]}n_:Hs*q]oHhtj½HoHqtzoHqtu_}nH`i¯® EzZ]_igig_Z]oH}nepÀFoHqSlnjHip_ Oig_FtFzZ]_Fipig_Ft
D_}uluekzjHip_Et.rjH}WzoHqSlu}n_H(q]_	tuoHqSlWrjHtWzoDqty_F}uD_Et ±Q_FtWtuepDq]_Ft
w
_Ft
w
epOF}u_FqSlntWzof_¬4zeg_qSlt}n_Ftylu_FqDl
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 H§
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0
22.3
44.7
67.0
89.3
111.7
134.0
156.3
178.7
201.0
223.3
.
 
Capteur 
k/k0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0
13036
26072
39108
52144
65180
78216
91253
104289
117325
130361
.
 
Capteur 
epsilon/epsilon0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0000
0.0383
0.0765
0.1148
0.1531
0.1913
0.2296
0.2679
0.3061
0.3444
0.3827
.
 
Capteur 
nut/nut0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0000
0.0068
0.0137
0.0205
0.0274
0.0342
0.0411
0.0479
0.0548
0.0616
0.0684
.
 
Capteur 
utau/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.000
0.107
0.214
0.322
0.429
0.536
0.643
0.751
0.858
0.965
1.072
.
 
Capteur 
u/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.00
5.67
11.35
17.02
22.69
28.37
34.04
39.71
45.38
51.06
56.73
.
 
Capteur 
yplus 
	Âv

 
,4/(
0#"3&#+./
0  ﬀ]
1&& .


 4#*#"
;
Jº<
9
.
  
	
,
/
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0
28.5
57.0
85.6
114.1
142.6
171.1
199.7
228.2
256.7
285.2
.
 
Capteur 
k/k0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0
18796
37591
56387
75182
93978
112773
131569
150364
169160
187956
.
 
Capteur 
epsilon/epsilon0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0000
0.0433
0.0866
0.1298
0.1731
0.2164
0.2597
0.3030
0.3462
0.3895
0.4328
.
 
Capteur 
nut/nut0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0000
0.0084
0.0167
0.0251
0.0334
0.0418
0.0501
0.0585
0.0668
0.0752
0.0835
.
 
Capteur 
utau/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.000
0.135
0.269
0.404
0.538
0.673
0.807
0.942
1.077
1.211
1.346
.
 
Capteur 
u/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0
6.8
13.5
20.3
27.0
33.8
40.5
47.3
54.0
60.8
67.5
.
 
Capteur 
yplus 
	Âs¦

 
,4/(
0#"3&#+./
0  ﬀ]
1&& .


 4#*#"
;
J!M7<
9
.
  
	
,
/
^_^ ß`/a!b&cd
D   &"!") , ,-//.#"! &

e w _FqDlnegªSh]_EtW_qSlu}n__{srF}ueg^`_qSlnjHi_lqSh^WF}uekªSh]_H ~±*_Ft`oH} w }n_Ft w _	H}jvq w _Fh]}E(rjH}zoHqSln}u_ w epO\F}u_FqDl
w ® h]q ²ÕjHzlu_Fh]}¦H á5£ ] ~±Q_EtW^W_Fepigig_h]}t`}uEtyhi³ljmlntWtuoHqSlWoD«slu_FqfhtWroDh]}igj5lu}j j q]F_	ªSh]e[qQ® _Ftyl4tyoDht¿
_Etlnep^`F_WªSh]_ w _4v9_FqfSeg}noHqQ ±Q_EtU}nFtuh]iplnjvlnt_{srO}nep^`_qSljvhs{q]_`ikjvektutu_qSl-ln}njHqturjv}j jklu}n_jvhzh]q]_
rO}nego w egze³ln4jvigoH}t@ªDh_qSh^WF}uekªSh]_^`_FqDlEQoHq¼oD«tu_}nH_ w _Ft@oStuzepigikjmluegoHqt@ªDhe­}n_Ê\lu_qSl.h]q w lnjDzZ]_¿
^`_FqDl-luoHh}u«]egigipoDq]qjveg}n_H #oH^`^`_@oHqi¯® j4Sh*tye(igj`}n w hz¤lnepoDq w hq]oH^«]}u_ w _./_xfq]oDi w tﬀ476qQ® jrjHt
w ® egqze w _Fqz_tuh]}7ikj`mjvig_h]}-^WomxD_q]q_ w _z_Et7zof_¬zep_FqSlntF]_igip__qj_q}n_mjvqzZ]_.tyh}7igjW²µ}nFªSh]_Fqz_
w _ w ljHzZ]_F^W_FqSlWlnoHh]}n«]egipigoHqqjveg}u_ªSh]e7_Etl4_Fq }nFjHipeplu w jHqtz_¢zFjHt`r]}noH«jv«]ig_^`_qSl¦F£ ¦E5²µoDegt
tuh]rO}nep_Fh]}n_£`z_igip_@ªSh]_@q]oDht[oH«sln_q]oDqt[qfh]^`}negªSh]_F^`_qSlF 
0.0 0.1 0.2 0.3
0.056
0.057
0.058
0.059
0.060
0.061
0.062
0.063
0.064
0.065
0.066
.
 
temps 
CTrainee 
0.0 0.1 0.2 0.3
-0.34
-0.33
-0.32
-0.31
-0.30
-0.29
-0.28
-0.27
-0.26
-0.25
-0.24
.
 
temps 
CPortance 
0.0 0.1 0.2 0.3
0.062
0.064
0.066
0.068
0.070
0.072
0.074
0.076
0.078
0.080
0.082
.
 
temps 
CMoment 
  D

 
 
2"! ./ %&$ *"!
  &4 '."!], ./
2 	1+, ]*]"ﬂ 
;
JL=
9
.
KR J!:^=  ! 
=+O  I
YÄ
;
)_< Æﬀ<µÄ
;
 $  M°'<Õ $
;
Æ É $f`ÆE

(É $
;
Æ $f
±*_Ft/tuep^h]igjvluegoHqt/tuoHqSl7tu_^«igjH«]ip_Et[£Wz_igip_Et/ªSh]eÂoHqSl/ln.zoHq
w
h]eplu_Ft[_Fq}uFHeg^W_ikjv^`epqjveg}u_DS^jHegt
ikjWfe³ln_Ftnty_egqze
w
_qSln_@_l7ig_Uljvhs{
w
_luh]}n«]h]ig_qz_ ﬂ¯ oHqSl/lu@^`o
w
epFtF 
Y 	  M )$ M$fFﬀ<µÄ
;
±*_Ft}uEtyh]iplnjvlnttyoDqDl.}n_rOoH}uluEttuh]}ig_Ft epDh]}u_Etva(D_lv] (|(oDh]}ig_FtzoD^W^`_FqDljveg}u_Et@HFq]}jvh]{
qoHht[}n_qfHomxDoHqt#£Wigjtu_FzluegoHq	r]}uEz
w
_qSlu_D 
±­® eg^`roStyepluegoHqM£5iB® _qSln}uF_
w
® h]qKljvhs{
w
_4lnh]}n«]h]ig_qz_:«]eg_q tyh]rO}neg_h]}W£5z_Fiphe#eg^`roSty
w
jvqtip_
zFjHt­igjH^WegqjHep}n_/HFq]\}n_7h]q]_-lu}n\Ft­ipFH\}n_7tuh]}ur}u_EtutuepoDq%ﬂµrjH}­}jvr]rOoH}ul#jvh]{
w
oDq]q]F_Ft°_{srF}ueg^`_qSlnjHip_Et ~£
Zjvhsln_h]}
w
h«OoH}
ww
® jvlylnjDªSh]_H ½±*j
w
egtntueprjvluegoHqjUln#j
w
jvrsln_[£7i¯® _FqSlu}n_­rOoHh}(Sjv}jvqSlueg}*h]qlu}jvqturOoH}ul
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 ¦
0.0 0.1 0.2 0.3
0.044
0.045
0.046
0.047
0.048
0.049
0.050
0.051
0.052
0.053
0.054
.
 
temps 
CTrainee 
0.0 0.1 0.2 0.3
-0.77
-0.76
-0.75
-0.74
-0.73
-0.72
-0.71
-0.70
-0.69
-0.68
-0.67
.
 
temps 
CPortance 
0.0 0.1 0.2 0.3
0.010
0.012
0.014
0.016
0.018
0.020
0.022
0.024
0.026
0.028
0.030
.
 
temps 
CMoment 
	Âv

 
 !
2"! ./(	!( "!
0 /#,-'&"! ./! 	1+*,(] ]"ﬂ 
;
JZ=
9
.
-RTJL:^=  !  
egqSluFH}jvi
w
_i¯® Fq]_}nHeg_zegq]lnegªSh]_`lnh]}u«h]ip_FqSlu_:¹4htuªShQ® jvhrOoHqSl ﬂÕz² (cf_Ez¤luegoHqK]   p¦ ¤ Â±Q_Et@}uEtyhi³ljmlnt
oD«slu_Fqfht[tyoDqDl7jDtutu_Àty_F^«]ikjv«]ig_Ft[£`z_Fhs{:oD«slu_FqSht#_Fq}nDep^`_igjH^`epqjHep}n_H $Uq	}u_F^jv}ªDh_Uz_Fr_Fq
w
jHqDl
ªSh]_­·


iB® __l
w
® oDtnzegipikjmlnepoDq
w
hzZjH^Wr
w
_°r]}n_FtntyegoHq ﬂµe¯  _H Eip_
w
ljHzZ]_F^W_FqSlQluoDh]}u«epigipoDq]qjHep}n_  £/i¯® jv}n}ueg\}n_
w
h roDqSl ﬂÕzjHrslu_Fh]}t`aS=£Kv Wj
w
ektyrjv}nh _l`DipoD«jvig_^`_FqDlE~iB® FzFjv}ul`lxSrO_tyh}ip_Et}uEtyhi³ljmlnt
qfh]^`}negªSh]_Et[_Ftyl7r]}uoszZ]_
w
_.


ip_Et:riphtH}jvq
w
t
w
EtujDzzoD}
w
t4j½H_Ezip_Et
w
oDq]q]F_Ft4_{srF}ueg^`_qSlnjHip_Et4tyh}ufeg_q]q]_FqSl
w
_¢rjv}ul_l
w
® jvhsln}u_
w
h¢«oD}
w5w
® jvlyljHªSh]_
w
jHqt7hq]_ÀFoHq]_.ogfiB® oHq5r_FhslUrO_qtu_}ªSh]_ikj`luh}u«]hip_Fqz_qQ® _Etl
rjHt[rip_Fepq]_F^`_qSl
w
D_igoHr]rO_D


_qSlu}n_	ip_Etzjvr]lu_h}ntWD5_l4va(egi/xKj=HigoH«jHip_F^W_FqSlWh]q lu}n\FtW«OoHq jHzzoH}
wKw
_EtzjvikzhigtWj½H_Ez
iB® _{srO}nep_Fqz_D#x zoH^`r]}negt
w
jvqt:ip_ zjDt
;
J M7<
9
#rOoHh]}	ig_FªSh]_ioHq oD«slueg_qSl	h]q]_tyoDiphslnepoDq

tylnjH«]egipektyF_ ¤ 
Y 	  MÆ½ 

*É $
;
ÆE y¹º»
c
 
_\ <µÆ $fF $_\ <µÆ $fF $ )$ ½ÄÆÆ $s $
;
Æ P$SÆ


±*_Ft.zZjv^`rt@j
w
ep^`_qtyegoHq]q_ikt.zoD}u}n_FturoDq
w
jHqDlttyoDqDl.}n_rOoH}uluEt@tyh}.ip_Et epDh]}n_Ft.Ds(v	_lWv§  Uq
zoHqtylnjvlu_£ q]oHh]D_FjHh ªSh]_z_Etr}uoHigt`tuoHqSl4ªShjHtue/jvhslnov¿Ëty_F^«]ikjv«]ig_Ft_l4r}uEty_FqDln_qSl
w
_Ft`_{Sln}u_F^j
igoszjHhs{jvhs{zFjvrsln_h]}t~vU_l°S-tue³lnh]Ft6jvh]{jvq]Dip_Et*egqs²µF}ueg_h]}t
w
_[igj^jHªSh]_lyln_H m±°® oH}
w
}n_
w
_[D}njHq
w
_h}
w
_Ft°tuh]}nSeplu_Etutu_Ft~ªSh]ejvr]rjH}njHegtntu_qSlr}u\Et
w
_7z_Et~^`Á^`_Ft#zjHrslu_Fh]}nt6q*® _Etl­rjHt6egqsÊh]_Fqz7rjv}~ig_7}uFHeg^`_
^_^ ß`/a!b&cd
S   &"!") , ,-//.#"! &

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique
◊
◊
◊
◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 
experimental  
  Âva

 
 
#"3&#+&U
   
%+  ] &	& )
;
JZ=
9
&
   ,U
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 
experimental  
	H


 $
#"3!#+./
  )  
*    ].%.
;
Jº<
9
.
     ,
/
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 D
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-600
-500
-400
-300
-200
-100
0
100
200
300
400
.
Pression 
Capteur 
Champ de pression 
numerique
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 
experimental  
	v


 $
#"3!#+./
  )  
*    ].%.
;
J!M7<
9
.
     ,
/
w
® EzoHhip_F^W_FqSl#^jvekt­i¯® _Ftyl#rjH}­i¯® jHq]Hig_
w
® egqzigepqjvektyoDq
;
w
h4H_FqSlF ]#oHqSlu}jveg}u_F^`_qSl­jvh:zFjHt#igjH^`epqjHep}n_H
egi*jHr]rjv}j jkl/ªDh_°·


igjfektuzoDtue³ln	luh]}n«]h]ig_qSlu_^jm{seg^jvig_jHhsluoDh]}
w
_ikj¼tln}uhz¤luh}u__Ftyl
w
_i¯® oD}
w
}u_
w
_5
w
_igj
fegtnzoStyeplu5luh]}n«]h]ig_qSlu_=epqSln}uo
w
h]eplu_ £Ki¯® _FqSlu}n_ ﬂ¯v
w
jHqtip_ zjHtikjv^`epqjveg}u_ ­_Fipig_=_Etl	rjv}
zoDqDln}u_UluoDhmoHh}nt
w
® h]q£
w
_hs{oH}
w
}u_Et
w
_D}njHq
w
_Fh]}nttuh]rF}ueg_h}u_@£igjWfegtnzoStyeplu^`oHigFzh]igjHep}n_H


tye(iB® oHq}jvr]rOoH}ulu_i¯® Fq]_}nHeg_@zegq]lnegªSh]_.luh]}n«]h]ig_qSlu_W¹:qoHqrjHt-£4¹ = J¹
 
^jHegt7£`ikj`fe³ln_Ftnty_
w
® _qSlu}n_.Fip_FHF_jHh¢zjH}u}n R
d

 
oHq_q}u_FHektln}u_h]q]_jvh]D^W_FqSlnjmlnepoDq
w
_.iB® oH}
w
}n_
w
_H 
w
_W¹
_qSlu}n_Wip_W}uFHeg^`_ikjv^`epqjveg}u__lluh]}n«]h]ig_qSlF *#_EtU}nFtuh]iplnjvlntUigjHegtnty_FqSlUrO_qtu_}ªShQ® hq]_rjv}ulueg_
w
_
¹

 
_Etl/ln}njHqtu^Wektu_£WikjzoHhzZ]_Uigeg^Weplu_lnh]}n«]h]ig_qSlu_D


oHq¢}n_ig\D_
w
jHqt-ig_`zjHt
;
J/M7<
9
h]q_
w
_Etln}uhzluegoHq¢r}u_EtuªSh]_luovljvig_
w
_igj4luh]}n«]h]ig_qz_`tyh]}Uigj
rjv}ulueg_.tuh]rF}ueg_h}u_
w
hljv«]igeg_}-jHipoD}nt[ªShQ® _q}nHeg^`_@igjH^`epqjHep}n_Hshq]_.H}noDtntu_tylu}nhz¤lnh]}n_luh]}n«]hs¿
ip_FqSlu_.jvrrjv}j jklﬂÕqfh]^`}negªSh]_F^W_FqSl 
w
jHqt/z_lylu_@ÀFoHq]_D 
Y ]ÉÕÈD(É )$f $
 
Ä!½ÆE  )Y ] )CB <
;
È%< )$
;
È $
;
*ÉÕÉ $

±(j egHh]}n_[H7r}uEty_FqDln_#ig_Ft_OoD}yltzFjvikzh]igFtrjH}6ip_^`o
w
\ig_
w
jvqtig_zFjHt(luh]}n«]h]ig_qSl°j½H_Ez*R J ﬃ"  !
_l
;
JZ=
9
 #_Ft#^WÁF^`_Ft#_oH}ulntzjvikzhipEt#£rjv}ulueg}
w
_Ft
w
oHq]q_Ft#_{srO}nep^`_FqDljvig_Ft­½jH}ueg_qSl#²µoH}ulu_^`_FqDl
w
jvqtig_lu_^`rtF]jvhtutueÂ_Ftyly¿©epir]}n²µF}njH«]ig_
w
jvqt[z_@zFjHt
w
_@tF® egqSlu}n_Ftntu_}[£
w
_Ft[mjvig_h]}t^`omxH_qq]_FtF $Uq
oD«slueg_qSl*·  J = $ = "]  	ﬂJ º= $ = :*_l 
 
JT= $ = *f Uq¢zoHqtljmlu_.£4q]oHh]D_FjHhªSh]_ip_Et7^`_egipig_h}nt
}nFtuh]iplnjvlnt7tuoHqSl-oD«slu_FqSht7rOoHh]}7ikj`ln}nj`jkq]F_ ﬂµEzjH}yl -H 9j½H_Fzi¯® _{srF}ueg_qz_ /lnjvq
w
egtUªSh]_.ig_Ft-jHhslu}n_Ft
^_^ ß`/a!b&cd
Ha   &"!") , ,-//.#"! &

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.000
0.322
0.644
0.966
1.288
1.611
1.933
2.255
2.577
2.899
3.221
.
 
Capteur 
k/k0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0
22.5
45.1
67.6
90.1
112.6
135.2
157.7
180.2
202.8
225.3
.
 
Capteur 
epsilon/epsilon0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.00000
0.00461
0.00921
0.01382
0.01842
0.02303
0.02763
0.03224
0.03684
0.04145
0.04606
.
 
Capteur 
nut/nut0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0000
0.0084
0.0168
0.0253
0.0337
0.0421
0.0505
0.0590
0.0674
0.0758
0.0842
.
 
Capteur 
utau/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.000
0.131
0.262
0.393
0.524
0.655
0.787
0.918
1.049
1.180
1.311
.
 
Capteur 
u/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.00
5.45
10.90
16.34
21.79
27.24
32.69
38.14
43.59
49.03
54.48
.
 
Capteur 
yplus 
  ÂS

  
,4/$
#"3!#+./
0 ﬀ]
2!. &


 4 #"
;
JZ=
9
&
   ,U
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.000
0.279
0.559
0.838
1.117
1.397
1.676
1.955
2.235
2.514
2.794
.
 
Capteur 
k/k0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0
18.1
36.2
54.3
72.4
90.5
108.6
126.7
144.8
162.9
181.0
.
 
Capteur 
epsilon/epsilon0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.00000
0.00431
0.00862
0.01293
0.01725
0.02156
0.02587
0.03018
0.03449
0.03880
0.04312
.
 
Capteur 
nut/nut0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0000
0.0078
0.0157
0.0235
0.0314
0.0392
0.0471
0.0549
0.0628
0.0706
0.0785
.
 
Capteur 
utau/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.000
0.120
0.240
0.361
0.481
0.601
0.721
0.841
0.962
1.082
1.202
.
 
Capteur 
u/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0
5.0
10.0
14.9
19.9
24.9
29.9
34.9
39.8
44.8
49.8
.
 
Capteur 
yplus 
	Âv

 
,4/(
0#"3&#+./
0  ﬀ]
1&& .


 4#*#"
;
Jº<
9
.
      ,
/
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 S
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.000
0.335
0.671
1.006
1.342
1.677
2.013
2.348
2.684
3.019
3.355
.
 
Capteur 
k/k0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0
24.0
48.1
72.1
96.1
120.2
144.2
168.2
192.2
216.3
240.3
.
 
Capteur 
epsilon/epsilon0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.00000
0.00468
0.00937
0.01405
0.01874
0.02342
0.02810
0.03279
0.03747
0.04215
0.04684
.
 
Capteur 
nut/nut0 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.0000
0.0086
0.0172
0.0258
0.0344
0.0430
0.0516
0.0602
0.0688
0.0774
0.0860
.
 
Capteur 
utau/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.000
0.135
0.269
0.404
0.539
0.673
0.808
0.943
1.077
1.212
1.346
.
 
Capteur 
u/Uent 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
0.00
5.65
11.30
16.95
22.60
28.25
33.90
39.55
45.20
50.86
56.51
.
 
Capteur 
yplus 
	Âv§

 
,4/(
0#"3&#+./
0  ﬀ]
1&& .


 4#*#"
;
J!M7<
9
.
      ,
/
zof_¬4zeg_qSlnt
w
epO\F}u_FqDl
w
® h]q²ÕjHzlu_Fh]}£..j½H_Ez/i¯® _{frO}neg_qz_H f#_Et­EzjH}ylt6lueg_q]q_qSl#r]}negqzegrjvig_^`_FqDl
jHhs{:_F}u}n_h]}t
w
_r]}n
w
ekz¤lnepoDq
w
h	zZjH^`r
w
_r}u_EtutuepoDq	£Wr]}no½{sep^`eplu
w
h«oD}
ww
® jmlulnjDªDh_H 
   Oﬀﬃ%n
ﬃ1ﬂ$2%' n    'ﬀ$;n
ﬃ%ﬂ./ ﬃ#' ﬃ%ﬂﬁﬀﬃ  ﬃﬁﬀC
, $WﬃﬁﬀC K,ﬀn
 $ﬃ
#_lylu_ty_Ez¤luegoHq¢jH«oD}
w
_@ip_Et[lu_Etlt7_ltyeg^h]ikjmlnepoDqt7ªSh]e(oHqSl7ln.__Fzluh]Et-j½H_Ezip_Et/^jHªSh]_lylu_Et
w
_
tu_FzluegoHq }u_Ez¤ljvq]Dh]igjHep}n_H jvqt@z_lyln_4ty_Ez¤lnepoDqQÂoHqj	hsluegipektuip_EtS}jveg_Ftmjvig_h}nt
w
_Etfe³ln_Ftnty_Etr]iph]l vl
ªSh]_ig_Ft/feplu_Etutu_Ft}n
w
h]eplu_Et 
= =8 ?
$fÈvÆﬀ<µÄ
;
$SÈHÆ 
;
T*É /< $) BpRM <µE $s
O
ÈS
±*_7^jvegipikjvD_/hsluegipektuUzoD^`roD}yln_7H§HHa@roDepqSlt°rjH}­zoDhzZ]_
w
oDqSl#§HHa.tyh]}­igj.tylu}nhzluh]}n_H S±*jfe³ln_Ftnty_
£Wi¯® _FqSlu}n__Ftyl
w
_ﬀﬃ : $   ! H 
Y 	(ÄU<   )6 M   ASÆ  $V
±(j epDh]}u_¢¦r]}uEty_FqSlu_ig_¢zZjv^`r
w
_¢r]}n_FtntuepoDq ^`omxH_Fq jHhsluoDh]}
w
h rOoHqSl4rOoHh]} V J = $ =g=)= &5_l
VOJ = $ = ﬃH  ﬂ'Uq qovlu_F}njªSh]_rOoHh]} V J = $ =g=)= ﬃH6ip_¢zo
w
_
w
egH_}nH_D~r]}noH«jH«]ip_F^`_qSlrjv}z_ªSh]_igj
^`luZ]o
w
_
w
_´7_ [luoHq	hslnepigegtu_
w
jHqtigj}uEtyoDiph]luegoHq
w
_Ui¯® EªShjmlnepoDq
w
_@/_FegzZjH}
w
lq]_zoDqfH_}nH_-rjHt ¤ 
±*_Ft(r]}novikt(tuoHqSl6ty_Fqtyeg«]ig_^`_qSle
w
_FqSluekªDh_FtF  Ëifx@j-z_rO_q
w
jvqSl
w
_Ft
w
e³}n_qz_Ft
w
_#rjv}ul6_l
w
® jHhslu}n_
w
h
rOoHqSlEvtyh]}~ikj^`oHeplueg7j½½jHi
w
hWr]}uoHiflnjHq
w
ekt°ªSh]_/tyh}~igjtu_Fz¤lnepoDqD_}uluekzjHip_[j½mjvi¯mip_Et6r]}uoHikt~zo
¯qze
w
_FqSl
^_^ ß`/a!b&cd
D   &"!") , ,-//.#"! &

0.0 0.1 0.2 0.3
0.054
0.055
0.056
0.057
0.058
0.059
0.060
0.061
0.062
0.063
0.064
.
 
temps 
CTrainee 
0.0 0.1 0.2 0.3
-0.80
-0.79
-0.78
-0.77
-0.76
-0.75
-0.74
-0.73
-0.72
-0.71
-0.70
.
 
temps 
CPortance 
0.0 0.1 0.2 0.3
0.000
0.002
0.004
0.006
0.008
0.010
0.012
0.014
0.016
0.018
0.020
.
 
temps 
CMoment 
 	OH

 
 !
1*"! &/ %&  "!
0 U#, '."! ./! 	1
0#"3&#+./
 
;
JZ=
9
&
 R JL:)=  ! 
w
_-q]oDh]H_EjvhQ f|oHh]}igjmjvig_h]}igjr]ight°²ÕjHep«ip_
w
_Vffig_
w
Fz}noszZ]_^`_FqDl­luoHh}u«]egigipoDq]qjveg}n_-tyh}ufeg_qSl#r]ight
_Fq	jH^`oHqSl/_l7_Ftyl-zjH}njDz¤ln}negtu-rjH}/h]q]_
w
Fr]}n_FtntyegoHqr]ipht/ep^`rOoH}ulnjHqDln_H 
9; 
$
;
È $ )$É ÉµÄ< ) $ M mÄU<
±­® eg^`rjHzl
w
_@igjWigoHe
w
_rjv}noHeQjWlnjHr]r]}nZ]_Fq
w
_qjHr]r]igegªShjHqDl7tuhzz_FtntyegH_F^`_qSl*·


ip_@^`o
w
\Fip_.¹Wº».tljvq
w
jv}
w
tnjvqtigoHe
w
_rjv}noHe


ip_@^`o
w
\Fip_.¹Wº».tljvq
w
jv}
w
j½D_FzUipoDe
w
_@rjv}noHe ﬂ0V JZ= $ = ﬃ 
±*_Ft[}nFtuh]iplnjmlt[oH«sln_qfht/tuoHqSl/}u_FroD}ylnFt[tuh]}/igj egHh]}n_@Ds 
Uq}n_ig\H_h]q_@«oDq]q]_j
w
FªShjvluegoHq
w
_Ft
w
_hs{jvr]r]}noszZ]_Ftqfh]^`}nekªDh_Ft[_qSln}u_@ig_Ft7zFjvrsln_h]}t¦@_l
Ss Uq¢zoHqtylnjvlu_@ikjW²µoH}n^`jvluegoHq
w
® h]q

rOoHegqSl7]{s_ .£`i¯® jH}u}nep\F}u_
w
hrOoHqSlU£`ZjHhslu_Fh]}
w
h¢zFjvrsln_h]}-aff 
¶eg_q`ªSh]_[ip_Et(EzjH}ylt*lxfrO_Ft~tuoHeg_qSl
w
h`^WÁF^`_oD}
w
}u_
w
_[H}jvq
w
_Fh]}6roDh]}6ip_Et
w
_h]{^`o
w
\ig_Ft~jvh]luoHh}
w
h
rOoHqSlEDoDq}u_F^`jH}nªSh]_Uz_rO_q
w
jvqSlªSh]_Uip_U^`o
w
\ig_¹-º	»tnjvqt­ipoDe
w
_Urjv}noHeipektutu_-ig_-r}uoHi
w
_Ur]}n_FtntyegoHqQ 
U_/r]ightFvigjigD\}n_
w
r]}n_FtntuepoDqWzFjvikzh]ig_[rjH}~ip_/^`o
w
\ig_U¹º»F¿¯igoHe
w
_/rjv}noHes_FqDln}u_[ig_Ft°zFjvrsln_h]}t~Hv¿©f
_lUD½¿©¦-qQ® jvr]rjv}j jklr]ight/igoH}tnªDh_Ui¯® oDqtyh]rr]}ueg^`_igjWigoHe
w
_rjH}uoDeB 
?
<Õ=*É ]Æ<µÄ
;
 $
;
mRT<Õ $É  <
;
 < $
;
TOÉ $ ) B+<
;
È%< ) $
;
È $
;
(É
±*_Ft[}nFtuh]iplnjmlt[r]}nFtu_qSluEtze³¿Ëjvr}u\Et#oDqSl7luoD«slu_FqSht[roDh]} V J = $ = ﬃ = 
±(j (egHh}u_@Hr]}nFtu_qSlu_ig_@zZjv^`r
w
_@HoD}ylnegze³lnjHhsluoDh]}
w
_@i¯® oD«tljHzip_D  Uq	x
w
egtyluegq]Hh_q_lyln_^`_qSl
ig_Ft
w
lnjDzZ]_^`_FqDlt`luoDh]}n«]epigigoHq]qjHep}n_Ft`ªSh]e-tuh]}nfep_Fq]q]_qSl4£ iB® j½mjvi¯ ­Yjvq
w
ektªSh]_i¯® EzoHhip_F^W_FqSl4}u_Etln_
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 f
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-200
-160
-120
-80
-40
0
40
80
120
160
200
.
Pression 
Capteur 
Champ de pression 
numerique : delta=0.0005
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
experimental numerique : delta=0.01
×
×
×
×
× × × × ×
×
×
×
×
×
×
×
×
×
×
×
×
×
× × ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
× ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
  O]¦


 $+*,(] ]"ﬂ    
%+  ] &	& 
;
JZ=
9
 .&/!03!]]
2'  4 "ﬂ*,ﬀ.
"ﬂ V
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-200
-160
-120
-80
-40
0
40
80
120
160
200
.
Pression 
Capteur 
Champ de pression 
experimental numerique : k-epsilon avec loi de paroi
◊
◊
◊
◊
◊ ◊ ◊ ◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊ ◊ ◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊
◊
◊
◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-200
-160
-120
-80
-40
0
40
80
120
160
200
.
Pression 
Capteur 
Champ de pression 
numerique : k-epsilon sans loi de paroi
×
×
×
×
×
× × × × ×
×
×
×
×
×
×
×
×
×
×
× × × × × ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
× ×
×
×
× ×
×
×
×
×
×
×
×
×
×
×
 
×
×
×
×
×
×
× × × ×
× ×
×
×
×
×
× × × × ×
×
×
×
×
×
×
×
×
×
×
×
×
× ×
× ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
× × ×
×
×
×
×
×
×
×
× ×
× × ×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
×
× ×
×
×
×
×
×
×
× ×
×
×
×
×
×
×
×
×
×
×
experimental
 	OD


$+, ]*]"ﬂ  (*
%+  ].%.
;
JZ=
9
 &. !03&]]
2' * , ﬀﬁ.+ %(
#"3!#+.
^_^ ß`/a!b&cd
D   &"!") , ,-//.#"! &

ªShjDtye~tuxf^Wlu}negªSh]_htnªShQ® jvh ^Wegigep_Fh w h rOoHqSlFQoDq5}n_ig\D__Fqtyhe³ln_ w _W²µoH}ulu_Ft w ektntyxf^`ln}ueg_FtzoD^`^W_
_Fq	jvlyln_Ftylu_@Sjvig_^`_qSl/ig_zZjv^`r w _@r]}u_EtutuegoHqﬂ epDh]}u_.Ha' 
±(j egHh]}n_5DKr]}nFtu_qSlu_¢ig_Ft	zZjH^Wrt w _ r]}n_FtntyegoHq jHhsluoDh]} w _=i¯® oD«tylnjHzip_5egtntyht w _=iB® _{srO}nep_Fqz_
ﬂµzZ]eg_}
 
#  

_l w h`zjHigzh]iB m±*_Ft6igepDq]_Ftr]ightq]_Et6epq w egªSh]_FqSl6ig_Ft6egqSlu_F}umjvigig_Ft w _/zoDqsjvqz_[£§S
ﬂÕepqSln_}n½jHipig_[z_qSln}u£-ikj-^`omxD_q]q]_D w _#ikjv}nH_Fh]}DjHip_£UªShjvlu}n_­Ezjv}ulnty¿¯lxSrO_Ft ¤ m¸jHipD}u#ip_Et w e³}n_qz_Ft
oDqK}n_lu}noHhH_ w _Et.ln_q w jvqz_FtWzoH^`^h]q]_FtWªSh]e[r_Fh]H_FqSligH\F}u_F^`_qSl w ep}n_}W_qMjH^Wripepluh w __lW_Fq
rOoDtuepluegoHq w jvqtWi¯® _EtyrjDz_D Uq q]ovln_}j¢_FqMrjH}ylnegzh]ipeg_} w jHqtWip_EtW}uEtyh]iplnjvlntWqfh]^`}negªSh]_Eti¯® _{segtylu_Fqz_
w ® h]qMroDepqSl{f_ w _}n}ueg\}n_i¯® oD«tljHzip_:£¢Zjvhsln_h]} w hMzFjvrsln_h]}aff  Uq¼q]ovln_}jSjvig_^`_qSlikj²µoH}ulu_
mjH}uekjv«]egige³ln w hzZjv^`r w _@r]}n_FtntyegoHq w jvqt/ip_Et[ÀoDq]_Ft w _ w ljHzZ]_F^W_FqSlntluoDh]}n«]epigigoHq]qjHep}n_FtﬁﬂBzjHrslu_Fh]}nt
D£4 w jHqt[ig_.ty_Fqt[epqfD_}ty_ w _Ft/jHepDh]egipig_Ft w ® h]q]_@^`oDqDln}u_ ¤ 
	H


 # &,-&U
 
2#"3&]]+U]")!
	 "!
&]
2'  *#
1*#"$ 
2	3&&"    

,
/ﬃ
 
 
ﬀ
Ëi/_Etl`roStutueg«]ip_
w
_	^`_lyln}u_	_q fe
w
_qz_ig_
w
ljHzZ]_F^W_FqSllnoHh]}n«]egipigoHq]qjveg}u_}u_Fr]}uEty_FqSlutuh]}Wigj
egHh]}n_`H_qjvqjHipxstnjvqSl
w
_EttyF}ueg_FtUlu_F^`roD}u_Fipig_Ft
w
_zjHrslu_Fh]}ttuxf^`lu}nekªDh_Ftrjv}}jvr]rOoH}ul£	i¯® jv{s_
r}uegqzegrjHi
w
_igj^jDªDh_lyln_H *±(j (egHh}u_4D^`oDqDln}u_`i¯® F^`egtntyegoHqjviplu_F}uq_
w
_`luoDh]}n«]epigigoHqt ﬂBzoDh]}u«O_Ft
_Fq oDr]rOoDtue³lnepoDq
w
_r]ZjDty_ £ h]q_:²µ}nFªSh]_Fqz_
w
_i¯® oD}
w
}n_
w
_	aS -ÀH ~´7oDht`oH«sln_q]oDqt
w
jvqtWz_zjHt
r}uEzekthqMq]oD^«]}n_
w
_cflu}noHh]ZjHi

 
J = $ ﬃ :s °#_lulu_mjvig_h]}tu_^«]ip_	_q jHzFzoD}
w
j½D_Fz:ip_EtmjHip_Fh]}nt
w
_ikj:igeplyluF}njvluh]}n_jHepqtye~ªShQ® j½H_Fzz_Fipig_FtU}njHr]rOoH}ulu_Et-rjv}W¥p¦¨6rOoHh}ig_Fttuep^h]ikjmluegoHqtUj½D_Fz.ig_W^Wo
w
\Fip_
ikjv^`egqjveg}n_H Ëi#²ÕjHhslq]ovln_}luoDhslu_²µoHekti¯® jv«tu_qz_
w
_:Êhz¤luhjmluegoHq rF}uego
w
ekªDh_
w
_r]}n_FtntuepoDq
w
jvqtWig_Ft
}nFtuh]iplnjvlnt[_{srO}nep^`_FqDljvhs{Â 
= = > ?
$fÈvÆﬀ<µÄ
;
$SÈHÆ 
;
T*É /< $) BpRM <µE $sÈS
±*_#^jvegigigjHH_­h]luegipekty/zoH^`roD}yln_§fm§S[roDepqSlt(rjv}~zoDhzZ]_
w
oHqSl¦EHHa-tyh}ikjtln}uhzluh]}n_H m±(j7fe³ln_Ftnty_
£i¯® _FqDln}uF_U_Etl
w
_ ﬃ : $ ,  !D D±*_Ft}uEtyhi³ljmlntr]}nFtu_qSlnFtzep¿©jHr]}u\Et­oDqSlluoH«sln_qfhtrOoHh]} V J = $ = ﬃ = 
±(jepDh]}u_#S#r]}nFtu_qSlu_
w
_FtQ}nFtuh]iplnjvlntQjHqjvigoHDh]_FtÂ£7z_hs{
w
_°ikj egHh]}n_°D]  Uq@}u_F^jv}ªDh_~igj7tuxf^`lu}neg_
w
_Ft}nFtuh]iplnjmlt`_{srO}nep^`_qSljvhs{ ﬂ zZ]eg_}
 
  

4_l4ig_h]}²ÕjHep«ip_¢mjH}uekjv«]egige³ln	_FqSlu}n_ip_Et4zjHrslu_Fh]}nt¦
_l4Ds °#_lulu_tuxS^`lu}nep_	_Ftyl}u_Etlne³lnh]_	rjv}`ig_zo
w
_H ~¡~qSln}u_ig_Ft`zjHrslu_Fh]}nt`D5_lHaip_Et`}uEtyhi³ljmlnt
_{srF}ueg^`_qSlnjHhs{:tyoDqSl
w
ektntyxf^`ln}uekªSh]_Ft#_l/r]}nFtu_qSlu_FqSlh]q_U²µoD}yln_UmjH}uekjv«]egige³lnH $UqzoHqtylnjvlu_
w
jvqtig_Ft
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 D§
 	Ha

 
 
* !    &!4U"ﬂ&! #
2#" * 
2	3&."C  

,U  
 
  
 
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-200
-160
-120
-80
-40
0
40
80
120
160
200
.
Pression 
Capteur 
Champ de pression 
numerique
◊
◊
◊
◊
◊ ◊ ◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 
experimental
 
 	OD


+, ]*]"ﬂ- (*
%+(  ].%.
;
JZ=
9
 ViJL= $ = ﬃ 
^_^ ß`/a!b&cd
aS   &"!") , ,-//.#"! &

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
-200
-160
-120
-80
-40
0
40
80
120
160
200
.
Pression 
Temps(s) 
Champ de pression 
Capteur 39 Capteur 55
  D


 '."!& 
2., 4 "ﬂ.]+&(%54U"ﬂ&!
;
JZ=
9
 V9J = $ = ﬃ 
}nFtuh]iplnjvlnt6_{srO}nep^`_FqDljvhs{iB® jvr]rjv}ne³lnepoDq
w
® h]qrOoHegqSl~]{s_ ﬂ ²Õjveg«]ig_/FzFjv}ul~lxSrO_ 6jHh`q]epD_FjHh
w
h4zFjvrsln_h]}
aS`ªDhe*qQ® ljvepl7rjHt7jHhtntyeÂq]_l ﬂµDoHeg}u_^`Á^`_.egq]_{fektylnjvqSl roDh]}7ig_@}u_Ez¤lnjHq]Hig_^`epqz_H O-_.^`ÁF^W_.ªSh]_
rOoHh}ig_}n_FzlnjHq]Hig_:^`egqz_Dig_
w
lnjDzZ]_^`_FqDlWluoDh]}n«]epigigoHq]qjHep}n_:tu_^«]ip_	tyh}uD_q]eg}ln}uoDrM£¢i¯® j½½jHiB 6±*j
egHh]}n_D5^`_lW_Fq FSe
w
_Fqz_	iB® oDtnzegigigjvluegoHqK_FqMoHrroStyepluegoHq
w
_rZjHtu_
w
_FtWr]}n_FtntyegoHqt^`_Ftuh]}uF_FtW_l
zFjvikzh]ig_EtjHhs{zFjvrsln_h]}tD§_lH ﬂBªSh]e/tyoDqDlWtyxf^`ln}uekªSh]_Ftrjv}}njHr]roD}ylW£¢i¯® jv{f_:r]}uegqzeprjHi
w
_igj
^jDªDh_lyln_  	Uq4}n_^jH}nªSh]_7FDjHip_F^W_FqSl#ªSh]_HS«]eg_q:ªSh]_UiB® jv^`r]ige³lnh
w
_
w
_Ft#oDtnzegigigjvluegoHqt°tuoHepl#ripht­²µoH}ulu_
qfh]^`F}uekªSh]_^`_qSlEikj¢rO}nego
w
__Etl`«]eg_q }u_Fr]}uo
w
he³ln_:rjH}Wig_	^Wo
w
\Fip_D ~±Q_	q]oH^«]}u_
w
_cSlu}noHh]Zjvi

 
_Etl
w
_.iB® oH}
w
}n_
w
_9= $ ﬃ %zv® _Ftyly¿Ë£m¿
w
eg}u_@tuep^`egigjHep}n_.£z_Fiphe*oH«]lu_qfhqfh]^`}negªSh]_F^`_qSl-j½H_Ezip_@}n_FzlnjvqHig_
^`egqz_D 
  
F:))
jvqt[z_lyln_Uluh
w
_Uq]oDht[j½HoDqt°^`ekt­_Fq@h]f}n_-h]q]_r]}nosz
w
h]}u_
w
_½jHipe
w
jvluegoHq
w
h	zo
w
_´Ucs  ~c
£	rjH}ylnep}
w
_Ft
w
oDq]q]_Et_{srO}nep^`_qSljvig_Ft²µoHh}uq]eg_Ftrjv}ip_[c]Y/¶Åtuh]}@r]ightyeg_h}ntr]}novigt
w
_rOoHqSl._l
tuoHht
w
ep}n_qSlu_EtWzoHq
w
e³lnepoDqt
w
® EzoDh]ip_F^`_qSlF ~±*j
w
F^`jH}nzZ_j
w
oHrsln_j zoDqtuegtylu£5_O_Ez¤lnh]_}`h]q]_
tu}neg_
w
_zFjHtln_Ftylnt
w
® h]q]_@rjv}ul[_l
w
_Ft7tueg^h]ikjmlnepoDqt
w
_@zjDt/zoHqz}n_lnt
w
® jvh]lu}n_@rjv}ulF 
U_Ftln_FtylntF]egiQ}u_EtutuoH}ul/ªDh_°·


ip_=zjv}jHzlu\F}u__Ftntu_qSlueg_igip_F^`_qSl4«]e
w
ep^`_FqtyegoHqq]_i
w
_Ft:r]Z]qoH^`\q]_Etr]ZfxstyekªSh]_Ft4_q_h jKlu
ljv«]igeB
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 a¦
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65
-250
-200
-150
-100
-50
0
50
100
150
.
Pression 
Capteur 
Champ de pression 
numerique
◊
◊
◊
◊
◊
◊
◊ ◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊ ◊ ◊ ◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
◊
 
experimental
 
 	OS


+, ]*]"ﬂ- (*
%+(  ].%.
;
JZ=
9
 ViJL= $ = ﬃ 
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
-250
-210
-170
-130
-90
-50
-10
30
70
110
150
.
Pression 
Temps(s) 
Champ de pression 
Capteur 39 Capteur 55
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
-250
-210
-170
-130
-90
-50
-10
30
70
110
150
.
Pression 
Temps(s) 
Champ de pression 
Capteur 39 Capteur 55
 	H

 
 $+*,(] ]"ﬂ     
*+   ].%.
;
JL=
9
 %'.
1	
 
&,-./
 
1*#"3!]] / ]"ﬂ ﬃ .4#' 
"!. 	 
E/
 
 &
 )*+.# 	 ")]
2 
^_^ ß`/a!b&cd
af   &"!") , ,-//.#"! &



h]q rjHt w _Wlu_F^Wrt

G-jHr]r]}noHr]}negªSh]e°jHtntyh}u_.hq]_`epq w rO_q w jHqz_ w _EtU}nFtuh]iplnjvlntfegty¿©£v¿¯fekt w _

GjWln]{sH


igj w egtylnjHqz_ w ® jvr]ripekzjvluegoHq£ikjWrjv}noHe V w _@ikjigoHe w _./_ekzZjv} w l7jWln@oHrslnep^`ektyF_H


iB® egq w rO_q w jvqz_ w h zZjv^`r w _5r}u_EtutuepoDq ^WomxD_q fegty¿Ë£m¿©Sekt w h qoH^«}u_ w _=/_xfq]oDi w tﬂÕjHh
^`oHegqt w jHqt[h]q]_r]ikjvD_zoH^`r]}negtu__qSlu}n_ 4i6 8  (_lﬀ4i6 8   f¦E jWln
w ^`oHqSlu}n_D 
#_Fr_Fq w jHqDlE]ªSh]_ikªSh]_Ft/rOoHegqSlnt[oD«tuzh]}t w _^`_h]}n_qSl*·


epity_F^«]ig_ w ep¬4zegip_ w ® jvlylu_Fepq w }u_i¯® epq w rO_q w jHqz_ w _Ft}nFtuh]iplnjvlnt`fegty¿Ë£m¿©Sekt w h ^jvegigigjHH_ ﬂÕjHh
}uektnªDh_ w _@rjv}nH_Fq]ep}/£ w _Etlu_^`rt w _.zjHigzh]igt[r}uoDZ]ep«e³lne³²Õt ¤


q]ovln}u_zZ]oDe³{ t® _FtylroD}ylnjDtutu_Àqjvluh]}n_igig_^`_qSl4tyh}ip_^`o w \ig_5¹º »ikjv}nH_F^W_FqSlW_F^WripomxD
_l½jHipe w  w _Fr]h]ekt-riphtueg_h]}t7jvqq]_Et@¥ ]¦v¦am¨© #_.^`o w \Fip_._EtlUrjv}uluekzh]igeg\}n_^`_qSl7rO_}u²µoH}n^`jHqSl
tyh}.h]q]_4rjv}ulueg_ w hKzoDqDlnoHh]} w _4igjtylu}nhzluh]}n_`lnjHq w ekt.ªSh]_4tyh}.iB® jvh]lu}n_rjv}ulueg_HQig_Ft}uEtyhi³ljmlnt
w h^`o w \ig_igjH^WegqjHep}n_}n_r}uo w h]ektu_qSl@^Weg_h]{5iB® _{srO}nep_Fqz_D #_Fze°tyhHH\F}u_`ªSh]_`iB® FzoHh]ig_^`_FqDl
_Ftyl.igjH^`epqjHep}n_WluoDhsl.r]}n\Ft w h«OoH} ww ® jvlyljHªSh]_WlnjHq w ekt.ªShQ® hq]_4zoDhzZ]_igep^`eplu_`luh}u«]hip_FqDln_4ty_
w D_igoHr]rO_r]}noHH}n_FtntuepD_^`_qSl#D_}tiB® j½mjvi¯ #_lyln_@ZfxSrOovlnZ]\Ftu_}u_Etln__qzoH}n_£WD}ne³_F}F


zoD^W^`_UiB® epq w egªSh]_@#}uF^`oHqj`¥ am¨©Dig_7²ÕjHe³l w _7^`o w e³_}ip_7qoH^«}u_ w _U/_FxSqoHi w t,4i6Ur_Fhslj½DoHeg}
h]q]_epqze
w
_qz_tuh]}-ikjrOoDtue³lnepoDq
w
_Ft-ÀoDq]_Ft
w
_}n_FzoHigip_F^W_FqSl ﬂµ«]eg_q=ªDh_q]oDht7qQ® _q=j½xHoHqt/rjHt
_h ikjr]}n_h]D_
w
jvqt4z_lulu_¢luh
w
_ jvegqtue-ªSh]_¢tuh]}4ikj½jHip_Fh]}
w
h q]oD^«]}n_
w
_5cSln}uoDh]ZjHiB #_
w
_}nq]eg_}/rOoHegqSl7r_Fhsl-Áln}u_@z}uhzegjHiÂipoD}ntnªSh]_iB® oHqtF® egqSlu}n_Ftntu_£
w
_Et7zof_¬zep_FqSlnt/jvF}uofFigjDtlnegªSh]_Et
rjv}_{s_^`r]ig_H Ëi
w
_f}jÁln}u_r]}uekt._Fq zoHqtue
w
}jmluegoHq_FqK}uFHeg^`_
w
xfqjv^`ekªSh]_H 6|6jv}jHepigig_h]}t
igj}n
w
hz¤lnepoDq
w
_ 4i65j
w
_Et:zoDqtuFªSh]_qz_Ft`^jHq]e³²µ_Etln_Ft4tuh]}4ig_Ft4FzjH}ylt`lxfr_Et4zjHigzh]igFt4ªSh]e
w
_feg_q]q_qSlQlu}n\FtQ²Õjveg«]ig_FtQigoH}tnªDh_~iB® oHq@}n
w
he³l14i6S SKq]ovln_}*_Fqsq.ªSh]_°ig_#zZoHep{
w
® h]q]_°}n
w
hz¤lnepoDq
w
_ 476 ﬂ
w
jvqtig_WzFjHt
w
_Wigj^jHªSh]_lulu_
w
_`¸epigigjHh Uj:luW^WoHluegHrjv}ip_W«O_FtuoHegq
w
_Wrjv}nH_Fq]eg}
£ h]q]_^`_egipig_h]}n_tljv«]egige³ln	qfh]^`F}uekªSh]_
w
_FtzjHigzh]ikt
ﬂÕigj ^`lnZ]o
w
_
w
_FtzFjv}jHzlu}nektlnegªSh]_Etq]_
rjv}jvektntujHqDl[rjDtlu}n\Ft[}noH«]htylu_@£WZjHhsl7/_xfq]oDi
w
t ¤ 
±*_Fttuep^h]igjvluegoHqt^`_q]F_Fttuh]}
w
epD_}ty_EtzoHqsHh]}jmlnepoDqt4DoH^`lu}negªSh]_Et:_Fq }nHeg^`_5ikjv^`egqjveg}u_ _l
lnh]}n«]h]ig_qSl7oHqSl/}uFHFipªSh]_°·


ip_`^`o
w
\ig_4¹ºM»4_Ftyl_Fq=^`_Etyh]}n_
w
_`}u_Etlne³lnh]_}ig_Ftr]}negqzegrjvig_FtzFjv}jHz¤ln}negtyluekªSh]_Ft
w
_Ft
w
Fz}nov¿
zZ]_^`_FqDlt[luoDh]}n«]epigigoHq]qjHep}n_Ft[oD«tu_}nHFt_{frO}neg^W_FqSlnjvig_^`_FqDl7_Fq	lu_}n^`_
w
_@²µ}nFªSh]_Fqz_@_l
w
oHqz
w
_@q]oD^«]}n_
w
_.cSlu}noHh]Zjvi

 
ﬂÕ£`zoDq
w
epluegoHq
w
_@zoDqty_F}uD_}[ig_qoH^«}u_
w
_@/_FxSqoHi
w
t4i6 


ip_U^`o
w
\ig_¹Uº	»tu_^«ip_7qFjvq^WoDepqt­tuh]}u_Etlnep^`_F}­ikj
w
r}u_EtutuepoDq4zoDqtyEzhslnepD_-£@ikj.Dq]F}njvluegoHq
w
_luoDh]}n«]epigigoHqtﬁﬂBzjHt
w
_Ft[^jHªSh]_lylu_Et[}u_Ez¤ljvq]Dh]igjHep}n_Ft ¤


w
jvqtig_zjHt
w
_	ikj5^jHªSh]_lyln_
w
h fegj
w
hz
w
_¸epigikjvhQ6ig_FtWr]}nepqzeprjvig_Ft`zjH}njDz¤luF}uektyluekªDh_Ft
w
h
zZjv^`r
w
_:r]}n_FtntyegoHq tyoDqDl}u_Fr]}uo
w
he³ln_Ftrjv}ip_^Wo
w
\Fip_¹º »S °U® _Etl`ig_zjDt_FqKrjH}ylnegzh]ipeg_}
_qSlu}n_ip_Et7zjHrslu_Fh]}tf_lUv


ip_EtWFzjH}ylt¿¯lxfr_Et
w
_FtW}uEtyhi³ljmlntWqfh]^`}nekªDh_FtWtyoDqDlzoD^`rjv}jv«]ig_Ft£=z_hs{
w
_FtW}uEtyhi³ljmlnt_{f¿
rF}ueg^`_qSlnjHhs{¼ipoD}ntnªSh]_i¯® oDqMzoDqty_F}uD_`ip_q]oH^«]}u_
w
_/_Fxfq]oHi
w
t 4i6 ﬂµDoHeg}ig_Ft}uEtyh]iplnjvlnt.tuh]}
ip_Et^jHªSh]_lulu_Et@}u_Ez¤ljvq]Dh]igjHep}n_Ft Oepikt
w
_FSeg_qq]_qSl@lu}n\Ft²ÕjHep«ip_EtipoD}ntnªSh]_i¯® oHq }u
w
h]epl 476
w
® h]q
²ÕjHzlu_h}@¦F]


roDh]}@ig_Wfekj
w
hz
w
_4¸egigigjHhQÂip_Et
w
epOF}u_Fqz_Etip_EtUripht²µoD}yln_Ft@j½D_Fz.i¯® _{srF}ueg_qz_tyh}ufeg_q]q]_FqSl
r]}nepqzeprjvig_^`_qSl
w
_}n}ueg\}n_-ig_DjH}
w
_¿B²µoDh4jv^`oHqSlﬁﬂµÀFoHq]_
w
_}u_Ezeg}nzh]ikjmluegoHq ~_l7tuh]}[igj²ÕjHz_tuh]rO¿
}ueg_h}u_
w
h	lnjH«]igep_F}
w
jvqt[ig_Ft/zFjHt/zoH}n}u_EtyrOoHq
w
jvqSl[£Wh]q_@epqze
w
_qz_
;
JLM7<
9
 
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 aS
±*_Ft/}nFtuh]iplnjvlnt/tuoHqSl-jHtnty_FÀ_qzoHh]}jvD_FjvqSlt­^`Á^`_tF® epiQrjv}jvektutu_qSl7jHtnty_FÀ w e³¬4zepig_Ft7£jH^`igepoD}u_F} w jvqt
ikj^`_Ftuh]}n_.o)fig_Ft w epOF}u_Fqz_Et7oH«ty_F}uD_Ft/lueg_q]q]_FqSlUrO_hslu¿¯Álu}n_.r]ightUjHh^`o w \ig_W¹WºK»iph]ep¿©^WÁF^`__l
£`tu_Ft[igep^`eplu_Et/r]ighsl Hl-ªDh*® £Wh]qr]}noH«]ig\^`_ w _.zFjvikjvH_ w _rjH}njH^W\lu}n_FtF 
 
H )()*)+


/'()(%5/­
¤,./)
´-oHht­epq w egªSh]oDqt°ekzeip_Et°r]}nepqzegrjvhs{WroDepqSlt w _ w egtnzhtntuepoDqt°tuoHh]ig_DFt~rjH}­z_lyln_7lnh w _-jHepqtueªSh]_
ªSh]_FigªSh]_Et[oH}nep_FqSlnjmlnepoDqtroStutueg«]ip_Et w _igj`^`o w FipektujvluegoHqQ 


	 L
 ﬀ#ﬀ'',
±*_Fttyeg^h]ikjmlnepoDqt(^W_Fq]_Et w jvqtz_lylu_lnh w _oHqSl(^`ekt_q.igh]^`ep\F}u_h]qWz_}ulnjHepq@qoH^«}u_ w ® FipF^`_qSlnt
ªSh]e w _f}uoDqSl[Álu}n_r]}uekt[_qzoHqtue w }jmluegoHqrjv}/ikj`tyhe³ln_°·


±Q_^`o w \ig_¹º »rO_}n^`_l w _	r]}n_q w }n_	_q zoH^`rsln_ig_Ft`rZ]q]oD^`\q]_Etlnh]}n«]h]ig_qSlnt`ªSh]e7tuh]}y¿
fep_Fq]q]_qSl°tuoHhtig_­ljv«]igep_F}~£-r]}no½{sep^`eplu w _[igjUÀoDq]_ w _ w ljHzZ]_F^W_FqSl(lnoHh]}n«]egipigoHq]qjveg}u_D ½¸jHegtig_Ft
}uEtyhi³ljmlnt7_{srF}ueg^`_qSlnjHhs{_l-i¯® jHr]r]igegzFjmlnepoDq
w
h^Wo
w
\Fip_igjH^WegqjHep}n_ ﬂÕz²ﬀ(egHh}u_¦E [tu_^«ip_FqDl
epq
w
egªSh]_F}ªSh]_#igjUzoDhzZ]_°igep^`eplu_#luh]}n«]h]ig_qSln_­qQ® _Ftyl(rjDt*rip_Fepq]_F^`_qSl
w
FH_FipoDr]rF_#tuh]}*i¯® _qtu_^«]ip_
w
_ikjtln}uhzluh]}n_`_l.}n_FªSh]eg_}ul@h]q]_4z_F}yljvegq]_
w
ektljvqz_
w
® lnjv«ipektutu_^`_FqDlE (cfh]}.z_lulu_
w
ektljvqz_H
iB® jvrr]ipekzjvluegoHq
w
_@ikjigoHe
w
_./_ekzZjv}
w
l7tu_^«ip_egqjvr]r}uoDr]}ueg_D 


±°® epqze
w
_qz_
w
hq]oD^«]}n_
w
_-7_xfq]oHi
w
t°tuh]}°i¯® FzoDh]ig_^`_qSl°}n_Ftylu_7tuhm_lulu_U£@zoHqSlu}nomH_F}ntu_H mcfh]}#ip_
r]ikjvq¢_{frO}neg^W_FqSlnjvi¯OepiqQ® _FtylUrjDt7rOoDtntyeg«]ig_
w
_WzoHqty_F}uD_}-z_q]oD^«]}n_4¥ am¨°zjv}UoHq¢jvlylu_Fepq
w
}njHe³l
ip_W}nHeg^`_tuh]r_F}ntuoHqegªSh]_
ﬂÕj½H_Ez@ig_FtU__lnt
w
_`zoD^`r]}u_Etutueg«]epigeplujvOF}u_FqDlt   Uq5r_Fhsl
w
\FtUipoD}nt
t® egqDln_}n}uoDH_F}[tuh]}/ig_.ty_Fqt
w
® h]q]_ln}njHqturoStyepluegoHq£`iB® FzZ_igip_`¦
w
_Et7zoDqzightuepoDqtlueg}uF_Ft
w
_Et/^`_¿
tyh}u_Et6_q`tyoDh	_}nep_D Hcfh]}~ig_/r]igjHqqfh]^`F}uekªSh]_HmoDqWj^`egt°_qWfe
w
_qz_[ªShQ® h]q]_/}n
w
hz¤lnepoDq
w
_4i6
qQ® jm_Fz¤ln_/rjHt6ikj
w
ektln}ueg«]hslnepoDq
w
_/r]}u_EtutuegoHq^jHegt~jvO_Ez¤lu_/ig_/q]oD^«]}n_
w
_-cSlu}noHh]Zjvi

 
jvegqtye]ªSh]_
iB® jv^`r]igepluh
w
_
w
_EtÊhzluhjvluegoHqt
w
_r]}n_FtntyegoHqjvhslnoHh]}
w
_igjmjvig_h]}[^`omxH_Fq]q]_D f¡°q}nFtuh]^`Hfh]q]_
mjv}negjvluegoHq
w
_i4i6qQ® jvO_Ez¤ln_UrjDt­ig_FtD}njHq
w
_h}nt~^`omxD_q]q]_Et ﬂÕeB  _H fikjzoH^`roStujHqSlu_UtylnjvluegoHq]qjveg}u_ 
^jvekt°^`o
w
e³_-ig_FtzoH^`rOoDtnjvqSlu_Et~egqtljmlnepoDq]qjveg}n_Ft
w
_UiB® FzoHh]ig_^`_FqDl ﬂ ÊhzluhjvluegoHqt
w
_7r}u_EtutuepoDq
_l/²µ}nFªSh]_Fqz_
w
_
w
lnjDzZ]_^`_qSl[luoDh]}n«]epigigoHq]qjHep}n_  


ËiÂqQ® _FtylrjDtroStutuep«ip_£i¯® Z_h]}n_jDz¤lnh]_igip_
w
_r]}nFzektu_}iB® oH}nepDepq_
w
_Et­Êhz¤lnhjmlnepoDqt
w
_Ur}u_EtutuepoDq
_q]}n_Degtylu}n_Et7_Fq5tyoDh	_}nep_D  ËirO_hsl@t® jvDep}
w
® h]q]_`zoH^«]egqjvektyoDq ﬂµoDh5tyhr_F}urOoDtue³lnepoDq 
w
_r]ighs¿
tyeg_h}nt[²ÕjDz¤ln_h]}t7oDhr]}uosz_Ftntyht*·s«]}nh]e³lt7igepEt-£hq]_.egqtljmlnepoDq]qjv}neplu
w
_.ikjfeplu_Ftntu_
w
® egqm_Ez¤luegoHq
w
_i¯® jHep} 6Êhz¤lnhjmlnepoDqt
w
_r]}n_FtntyegoHq igepF_Ft£ igj=lnh]}u«h]ip_Fqz_ ~r]Z]qoH^`\q]_
w
_
w
lnjDzZ]_^`_FqDl
luoDh]}u«epigipoDq]qjHep}n_ﬁ$$ $ Uq	}n_ig\H_z_Fr_Fq
w
jvqSl
w
_Et[q]epD_FjHhs{
w
_Êhz¤lnhjmlnepoDqripht[eg^`roD}yljvqSlnt_Fq
zoDq
w
epluegoHqtluh}u«]hip_FqDln_FtWªSh]e[epq
w
egªSh]_FqDl`ig_}Hig_:r]}nrOoHq
w
}jvqSl-oDh]:rjv}Wigj5luh]}n«]h]ig_qz_H Ëi
zoDqSfeg_qSlekze
w
_
w
ektlnepqHh]_F}ig_Ft@Êhz¤lnhjmlnepoDqt.igepF_Ft£iB® FzZ]_Fipig_
w
_4lu_^`rt
w
_4ikjlnh]}u«h]ip_Fqz_
ﬂµe¯  _D 
w
_/iB® oH}
w
}n_
w
_

GKJ ﬃp= 
 
-roDh]}-PNA]oDh A 
w
_-z_igip_Et~ipeg_Et­jHhs{mjv}nekjmluegoHqt
w
_Ft­H}jvq
w
_Fh]}t
^`omxH_qq]_FtqR _l
_
ﬂÕ_q]}n_Degtylu}n_Et£

GJ &$ ﬃp= 
ﬁ
 ¤ ­#_Ft
w
_Fhs{¼lxfr_Et
w
_4ÊhzluhjvluegoHqtWq]_
r_Fh]H_FqSlrjHtÁln}u_`tyFrjv}n_EtUtuh]}ig_WrigjHq5_{srO}nep^`_FqDljvi~zjH}Uig_`rjHt
w
_Wln_^`rt
w
® jHzFªDhegtue³lnepoDq
_Ftyl-tyhrF}ueg_h]}7£Wi¯® EzZ]_igig_
w
_@igjluh}u«]hip_Fqz_D 
^_^ ß`/a!b&cd
aDa   &"!") , ,-//.#"! &


5 Z2#",ﬃ%n
   ﬃ%./ﬃ% ﬃ%"
  -ﬃ3 7nﬃ%
´-oHhtr]}noHrOoDtuoHqt w jvqt@z_lyln_4ty_Ez¤lnepoDq=h]q_Wigektln_q]oHq _{sZjHhtlnepD_ w ® oD}ueg_qSlnjvluegoHqtrOoDtntyeg«]ig_Ft w _
z_lu}j½½jHepi¯ 
|oDh]}/ip_Et/zjDt/tljmluekªSh]_Ft*·


iB® jv^`FipegoH}jmlnepoDq w hM^`o w \ig_ w _4lnh]}u«h]ip_Fqz_	eg^WripekªSh]_hq]_^`_Fepigip_Fh]}n_:}n_r]}nFtu_qSlnjvluegoHq w _igj
zoDhzZ]_.igep^`eplu_igjH^WegqjHep}n_½luh]}n«]h]ig_qSlu_@ªSh]e6ty_ w H_FipoDr]rO_tyh}-ikj4tln}uhz¤luh}u_D O#_lulu_jH^`igepoD}njv¿
luegoHqrOoHh]}n}jW£4q]ovln}u_.tu_qt7Álu}n_.}nFjHipektyF_@tyoDe³l7rjH}7i¯® eg^`roStyepluegoHq w ® h]q¢z}ueplu\F}u_@rO_}n^`_lyljvqSl w _
w ektlnepq]Dh]_}ig_Uigep_Fh:ogf4epiO²ÕjHhsl[jHr]r]igegªSh]_F}#hq]_UigoHe w _rjv}noHeigjH^`epqjHep}n_ ﬂ R J =]]¹qJ =' w h:igep_Fh
o)f	igjigoHe w _@/_ekzZjH} w l/zoDqfSeg_qSlstuoHeplrjv}[igj^`egtu__q @h]f}u_ w ® h]q^`o w \Fip_r]ight/zoD^`r]ip_{s_
ﬂ w _	lxfrO_¹	º »q]oDq igegq]FjHep}n_ ªDhe7£5q]oHlu}n_	zoHq]qjvektutnjvqz_:rOoHh]}n}jvepl w oDq]q]_} w _	^`_egipig_h}nt
}uEtyhi³ljmlntF 


igjMipoDe w _=rjH}uoDe-_EtljHz¤lnh]_igig_^`_qSl	jHr]r]igegªSh]F_=j½D_Fzh]q_5mjvig_h]} w _ VLJ &  dªSh]e}u_Etln_
}u_FigjvluegH_F^W_FqSl`D}njHq w _	rjv}`}jvr]rOoH}ul4£ iB® FzZ]_Fipig_ w _ikj=^jDªDh_lyln_°·~ig_Ft`DjH} w _¿¯²µoHhtWoHqSlh]q]_
w eg^W_FqtuepoDq w _i¯® oD} w }n_ w _i:    $U}[h]q]_}u w hzluegoHq w _ VzoHq w h]epl w ® h]q_rjv}ul[£ w _Ft[mjHip_Fh]}nt
lu}noHr¼²ÕjHep«ip_Et w _

roDh]}rOoHhHoHeg}jHr]r]igegªSh]_F}ikj¢igoHe w _	7_ekzZjv} w l_l w ® jvhsln}u_rjv}ul£ w _Ft
epqtljv«]egipepluEt/qfh]^`}negªSh]_EtﬁﬂµrO_hslu¿¯Álu}n_@ipeg_Et7£Wh]q]_@^jvh½jHegtu_@zoDqSD_}nH_Fqz_
w
_@igj`^`luZ]o
w
_
w
_
´7_ [luoHq`hslnepigektyF_
w
jvqt°igj}nFtuoHighsluegoHq
w
_/ikjUigoHe
w
_7/_ekzZjH}
w
l ¤ Ëi]rjv}j jkl6qFz_Etutnjveg}n_
w
_/^`_Fq]_}
h]q]_@}nÊ_{sepoDqr]ight/jHr]r]}nov²µoHq
w
ep_@tuh]}7z_rOoHegqSlF 


ip_}Hig_*oDh]#rjv}igjzoD^WrOoDtnjvqSln_­fegtnªSh]_hty_
w
_[igj-²µoH}z_#_{s_}zF_­rjH}(ig_Êh]e
w
_tuh]}6ikjUtylu}nhz¤lnh]}n_
roDh]}n}njUÁln}u_/_{sjH^`epq]D D#_lulu_[²µoH}z_FªSh]egmjvhsl°_Fq_O_l­£h]q]_[r]}n_FtntyegoHq`jvrr]ipekªSh]_/£ikjtuh]}u²ÕjHz_
w
h	lnjH«]ipeg_}
w
oHqSl7oHq	roDh]}n}njmjvigh]_F}/iB® oH}
w
}n_
w
_@D}njHq
w
_Fh]}F 
|oDh]}/ip_Et/zjDt
w
xfqjv^`ekªDh_FtQ·


ip_
w
D_igoHr]rO_^`_FqDlWr]}nepqzeprjvi#zoHqz_}nq]_}ji¯® j
w
jvrsljmlnepoDq
w
_:ikjigoHe
w
_:rjH}uoDe­£¢hqK^jvegipikjvD_
^`oH«]egip_D  Uqty_}n²µ\}n_}jW£i¯® S7q]q]_{s_$SjvegqtyeQªShQ® jvh]{4lu}j½mjvhs{
w
_@¸_
w
ekz`¥p¦E½¨© 


£5z_q]egH_EjvhQ(h]qKln}nj½mjHepiep^`rOoH}ulnjHqDl
w
® _{sr]igoHeplnjmlnepoDq
w
_Et
w
oDq]q]F_Ft_{srF}ueg^`_qSlnjHip_Et.rOoHh]}n}j
Sjvig_^`_qSlÁlu}n_W_qSlu}n_r]}nekt-_Fq5igegjHegtuoHq j½H_Fz.ip_:[csY/¶ rOoHh]}_{Sln}njHep}n_ig_FtzoS_¬4zeg_qSlntjvF}uof¿
igjDtlnegªSh]_Et 
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 af
  
17$&7
()8;; 	.'.%
	 /) ):' /)9)2	%.'
±­® oD«s_Fzluep² w _z_lyln_`tu_FzluegoHq _Ftyl w _ w }u_Etutu_}h]q ljml w _WiB® jv}ul.tyh]}ig_FtigoHekt w _`rjv}noHekt-h]luegipektyF_Ft
_Fq=^`EzjvqegªSh]_ w _EtÊh]e w _FtF  Uqt® epqSln}n_Ftnty_`£	h]q Êh]e w _4t® FzoHh]ikjvqSl@tyh}@h]qoH«tylnjDzig_
ﬂÕoHh¼jvhslnoHh]}
w _z_igh]ep¿©ze #_l/oDq:q]_@zoDqtue w \F}u_ªSh]_ip_}nDep^`_Uluh]}n«]h]ig_qSlF ]±­® luh w _}n_Ftylu_U²µoszjHipektyF_@tyh]}[ig_^Wo w \Fip_
¹º¼».tylnjHq w jv} w Zjvhsl-7_xfq]oHi w t/^jHegt[i¯® jHr]r]igegzFjmlnepoDq w _Et/igoHekt²µoHh]}nq]eg_Ft/ekzeQrO_h]l w rjDtutu_}/ig_.zj w }n_
w _z_@^`o w \ig_H 
±(jUcf_Ez¤lnepoDq(S. g¦r]}uEty_FqSlu_«]}ueg\D_^`_qSligj7luZ]FoH}nep_ w eplu_ w _#ikjzoHhzZ]_­igep^`eplu_luh}u«]hip_FqDln_H v¸omxD_q]qjHqSl
ªSh]_FigªSh]_EtZfxSrOovlnZ]\Ftu_Fttuep^`r]igepzjvlu}negz_Ft w _`^`o w igegtnjmlnepoDqQÂegi°_Ftyl@roStutuep«ip_ w _ w lu_}n^`epq_} w _Et@ipoDegt
w _¢rjv}noHekt4ªSh]etyoDqSl w ljvegipig_Et w jHqt4ikjMcf_Ez¤luegoHq S. á¼tyoDht4i¯® jvq]Dip_lnZ]oD}uekªSh]_¢r]h]ekt4qfh]^`F}uekªSh]_H 
±*_Ft^`o w e³zFjmlnepoDqt£=jvr]rOoH}ulu_F}£5z_FtipoDegt_qM}uFHeg^W_ w xfqjv^`ekªSh]_tuoHqSl_FqsqK_{sroStyF_Ft w jvqtigj
cs_Fz¤lnepoDq S   
  	 ;    ﬃ%n ﬂ'$ n ﬀN, ﬀﬃ n

. 'ﬃ;ﬀ$   nﬃ% ﬃ
S q]oD^«]}n_ w _	/_Fxfq]oHi w tWig_D ﬂÕeB  _H (7DHH¢_qffep}noHq 6h]q]_zoHhzZ]_igeg^Weplu_tu_ w H_FipoDr]rO_	jHh
DoHektyegqjHH_
w
_Ft²µ}noHqSlueg\}n_Ft@tuoHige
w
_FtF Q¡~q²ÕjvektnjvqSl@iB® ZfxSrOovlnZ]\Ftu_4ªSh]_ig_Ftlu_F}u^`_Et
w
® epq]_F}ylnep_
w
_fep_Fq]q]_FqDl
qHigegH_FjH«]ig_Ft
w
jvqt°z_lylu_/}nDepoDqQmig_Ft~EªDhjmluegoHqt
w
_7ªShjvqSlueplu
w
_/^WoDh]H_F^`_qSl°r_Fh]H_FqSl­t® Fz}ueg}u_/tuoHht
ikj²µoH}n^`_tueg^Wripep_­·


 
$
J



ºh P
A  'A
Mﬂh
c

R


J
XN_
X
D
J  G 6 ﬂy¦F§ 
XC_
X

J


Buºh
 'A
d
H ﬂ¯v 
ogf 
 
}u_Fr]}nFtu_qSlu_/ikj.zoDqSlu}jvegqDln_[luoHlnjvig_
w
_-²µ}uoHlyln_^`_qSlFDeB  _H Sikj.tyoD^`^W_
w
_Ft#zoHqSln}njHepqSlu_Et6luh}u«]hip_FqDln_Ft
ºh P
A  'A
_l7^`oHigFzh]ikjveg}u_Et4

Rﬂ!
$
  ËiQfeg_qSl/rjv}/egqSluD}njvluegoHq@·

 
h
J
c

R
$
º P
A 'A
J


h
B ﬃ7º


H ﬂ¯s¦ 
 f  _Ftyl6ikj
w
ektljvqz_£ikjUrjv}noHes£igjDªDh_igip_igjzoHqSlu}jvegqSlu_#luovljvig_tF® jvq]qfh]ig_ﬁﬂµe¯  _D 

igoHegq 
w
_ikjrjv}noHe ¤ 
54_Ftylikj	zoHqSln}njHepqSlu_`£igjrjv}noHe¯ *#_lulu_`ipoDe~ipegq]Ejveg}u_
w
_
w
Fz}uoDegtntujHqz_
w
_`igj	zoDqSlu}jvegqDln_lnovljvig__Fq
²µoDqz¤lnepoDq
w
_Wikj
w
ektljvqz_W£:igjrjH}uoDe(_Etl@zjH}njDz¤luF}uektyluekªDh_
w
_FtzoHhzZ]_Et-zegtnjvegipig_Et Uq5qovlu_F}njªSh]_H
w
jvqt*igj/ÀFoHq]_ªSh]eHq]oDht(epqSluF}u_Etutu_Hip_EtQln_}n^W_Et
w
_#r]}n_FtntyegoHq
w
_FSeg_qq]_qSl(qHigegH_FjH«]ig_FtÂ_l(ikj7zoDqDln}njHepqSln_
lnovljvig_
 
_FtylUªShjHtue*zoDqtylnjvqSln_@_l-FDjvig_.£ 

 Uq
w
q]eplUikj`fe³ln_Ftnty_
w
_@²µ}novlyln_^`_qSlU£4igj`rjH}uoDe3P

rjv}/ikj}n_ikjmlnepoDq@·
P

J 

!`h J
	
c
R




@
D
ﬂ¯H 
¡°q h]luegipektujHqSl`ig_Ft`D}njHq
w
_Fh]}nt`j
w
ep^`_FqtyegoHqq]_igip_Et RYJ R ! P

_l

 J

P

!
c
~i¯® EªShjmlnepoDq ﬂ¯s¦ 
w
_fep_FqSl*·

R
$

B ﬃM
c
 
c
HJ ﬃ/º




ﬂ¯v 
^_^ ß`/a!b&cd
aS   &"!") , ,-//.#"! &

¸omxH_qqjvqSl[h]q]_@ZfxfroHluZ]\Ety_ w _igoHq]Dh]_h]} w _@^WFigjHq]H_rOoHh]}7_{sr]}ueg^`_}
c  
·
c  
J 
d
 
 
R


ﬂ¯ma'
i¯® FªShjmlnepoDq ﬂ¯v'#tu_}u w h]epl-£/·

ﬃM

d
 

R




R


J ﬃ/º




ﬂ¯H 
j½D_Fz  
 
J
  


c
S-hHoDegtuegqjvD_°ep^`^` w egjvl w _#igjUrjH}uoDeBFip_EtQln_qtuepoDqt*luh]}n«]h]ig_qSlu_Et6tyoDqDlq]DipegH_Ejv«]ig_Ft w _mjHqDl6z_Fipig_Ft
w h]_Ft/£Wikj`SektnzoDtuepluH s±­® EªDhjmluegoHq ﬂBH tF® Ez}ne³l-jHipoD}nt*·

R
$

J ﬃSR

J


ﬂ¯v 
jvqt#ikjWtyoDht#zoHhzZ_-fegtnªSh]_hty_DSikj.feplu_Etutu_U^`omxD_q]q]_Umjv}nep_ w oHqz7igepq]Ejveg}u_F^`_qSl_Fq4²µoDqz¤lnepoDq w _igj
w
egtylnjHqz_@£WigjWrjH}uoDeB 
S ^W_Etyh}u_.ªSh]_.i¯® oHqt® igoHegHq_
w
_@igj4rjv}noHe¯sip_Et7_O_lnt
w
_.fegtnzoStyeplu^`oHigFzh]igjHep}n_
w
_FSeg_qq]_qSl-q]FHige³¿
D_FjH«]ip_Et
w
_mjHqDl7ig_Ft-zoHqSln}njHepqSlu_Et#luh]}n«]h]ig_qSlu_Et¡°qq]ovljvqSl  
 
J
"

ﬃﬂµZfxfroHluZ]\Ety_
w
_.ipoDq]Hh_h]}
w
_
^`FigjHq]H_
w
FH_igoHrrF_
w
jHqt@¥ás¦¤¨Qr* Q¦F'¤si¯® EªDhjmluegoHq ﬂBD tF® Ez}ne³l-jHhDoHektyegqjvD_
w
_@ikjWrjv}noHeD·
B
"


H
d


R



d
J ﬃ ﬂ¯D 
ikjWfe³ln_Ftnty_^`omxH_Fq]q]_@tyhe³l7jvigoH}th]q]_@igoHeÂigoHSjv}ne³lnZ]^`egªSh]_²µoHqz¤luegoHq
w
_@ikj
w
egtylnjHqz_

£ikjWrjv}noHeD·
R

J
ﬃ
"
"!
B


HCM# ﬂ¯v 
"
_Etl.jHr]r_FipF_WzoHqtylnjHqSlu_
w
_ ~oHq&%@jv}n^`jHq5_lmjHhsl@_qffep}noHq ]  a¦H  # _Ftyl@h]q]_zoDqtylnjvqSln_
w
® egqDln¿
D}njvluegoHq	ªDhe
w
rO_q
w	w
_ikj`}nh]HoStyeplu
w
_@ikjrjv}noHe¯ 
Uq
w
ektlnepqHh]_
w
oDqzUlu}noHekt[ÀoDq]_Ft
w
jHqt/ikjWzoHhzZ_igeg^Weplu_lnh]}n«]h]ig_qSlu_°·


igjtuoHht¿ËzoDhzZ]_-fektuªSh]_Fhtu_igegq]FjHep}n_H=

 &
w
jvqt[ikjHªSh]_Fipig_

LR 


h]q]_WÀoDq]_egqSlu_}n^`
w
ekjveg}n_H &

ﬀ% =_qSln}u_igj:ipoDe(igepqFjveg}n__q5Seplu_Etutu__likj4igoHeigoHDjH}uepluZ]¿
^`egªSh]_


igj`ÀFoHq]_igoHSjv}ne³lnZ]^`egªSh]_ %g=

 <g=)=
    , ﬁﬀﬃ  ﬀK$,ﬃ% $2 ,
./ﬃ!g 
ﬃ
U_@^jvq]eg\}n_Hq}jvig_Hfip_Et/zoDq
w
epluegoHqt7jHhs{:igep^`eplu_Et7£WigjWrjH}uoDetF® Fz}negH_qSl*·
º F
R $
º F

J = ﬂ¯v§ 
º F
R $
º F

P

J&%B


H ﬂBH 
ogf
º F

F
º F

w
FtuepDq]_qSl/}u_EtyrO_FzluegH_F^W_FqSl[ig_@H_Ez¤ln_h]}/q]oD}u^jHiO_l7ip_@D_Fzlu_h}#ljvq]D_qSlueg_iQ£Wikj`rjv}noHe¯ 
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 as

 >8
(­Ä<#ÉµÄT  < Æ 	 < DQ $
Uq	j^`oHqSln}uªSh]_z_lulu_ipoDezigjDtutuekªDh_-_Ftyl w ep}n_Fzlu_F^W_FqSlektutuh]_ w _igj w Dq]F}u_Etuz_qz_ w _EtFªShjm¿
lnepoDqt w _.ªShjHqSlueplu w _@^`oHhH_^`_FqDlE ±*j`zoHqtylnjHqDln_ w ® egqSluFH}jmluegoHq #2ªSh]e(jHr]rjH}nj`jgl w jvqt ﬂBH mjvhsl
.roDh]}[h]q]_Urjv}noHeOipektnty_D S¡~igig_r}u_Fq w4w _Et#mjHip_Fh]}nt#r]ightep^`rOoH}ulnjHqDln_Ft#roDh]}h]q]_rjv}noHe}uh]Dh]_hty_D S¡~q
w xSqjv^`egªSh]_ w _@i¯® jmlu^`oStyr]Z\}n_¥ m¨©]z_lylu_@igoHe(ty_^`_l7Dq]F}njHip_F^W_FqSl[tuoHht[ikj²µoH}n^`_°·
R
P 
J
ﬃ
"
 !
<
º
 

D

ﬂB]¦ 

D
zoH}n}u_EtyrOoHq w £Wh]q]_igoHq]Dh]_h]} w eplu_ w _}nh]DoDtue³lnH 
  
rOoH}ulu_ig_qoH^ w _Zjvhsln_h]} w _ w Fr]ikjHz_F^`_qSlF 
#_lyln_ w _F}uq]eg\}n_/H}jvq w _h]}­epqSlu_F}ufeg_qSl­_Fq4}uFHeg^`_7}uhHh]_Fhs{ÂHzv® _Ftyly¿Ë£m¿ w eg}u_/igoH}tuªSh]_-ip_Et­jHturO}ne³lnFt w _7igj
rjv}noHe6tyoDqDl.tuhs¬4tujH^`^W_FqSlD}njHq w _FtrOoHh]}@ªSh]_`ikj	tuoHht¿ËzoDhzZ]_fektuªSh]_Fhtu_q]_`r]hegtnty_`rjDtty_ w FH_¿
igoHrr_F}F ±°® FzoHh]ig_^`_qSl_q=r]}uoszZ]_rjv}noHe_Ftyl@jvigoH}t-_FqDlnep\F}u_F^`_qSlUr]egigovluWrjH}ig_Ft_O_lntUluh]}n«]h]ig_qSlt 
  
_Ftyl}n_r]}nFtu_qSlnjvluegH_ w _Ft.oH«tylnjDzig_Ft}n_qzoHqSlu}nFtrjH}@iB® FzoHh]ig_^`_qSltuh]}.ikjrjv}noHe¯  Uq roDh]}u}jty_
}n²µF}u_F}7£`igjWlnZ]\Ftu_ w _W#oStln_Ft¥ m¨*rOoHh}7h]q]_ w _Ftnz}neprslnepoDq w ljvegipig_ w _Et7zoDqtylnjvqSln_Ft

D
_l
  
 jvqt
ikj`ÀoDq]_.igoHSjv}ne³lnZ]^`egªSh]_Dso)fi¯® oDqr_FhslUq]FHigepD_}/ig_Ft-__lnt w _.ikjfegtnzoStyepluD]ikjWlu_qtyegoHqlnovlnjHip_}u_Etln_
zoHqtylnjHqSlu_ ﬂ 	9Jºh P
A  A
J h P
d

#_l7egiQxj`tu_qtuep«ip_F^W_FqSl[EªSh]epigeg«]}u_igoszjvi
_

P  G
\

»D 
º P
A
 
A

R
$
J » ﬂBD 
¡°q }u_Fr]}u_FqjvqSlikj
w
qe³lnepoDq
w
_¢igjfeplu_Etutu_
w
_²µ}novlyln_^`_qSl4_l:_q hslnepigegtnjvqSlﬂ¯v'¤°oDq _Fq
w

w
he³l
i¯® _{sr]}n_FtntyegoHq
w
_@igj
w
ektntyegrjmlnepoDq	»#·
»007	8:9
V
J
P
ﬁ

"

ﬂBH 
ªSh]eÂ_Etl7mjHigjH«]ip_
w
jHqt[ikjÀFoHq]_igoHSjv}ne³lnZ]^`egªSh]_@£Wigj
w
ektylnjvqz_

w
_ikjWrjv}noHe¯ 
|°h]egtFs_q	hslnepigegtnjvqSl[ip_^`o
w
\ig_
w
_¶#oDhtntyegq]_Ftnª
w
_Et­ln_qtuegoHqt
w
_@/_FxSqoHi
w
tº P
A  'A
J
c
 
 	
 
@
zoH^«epq]
£Wi¯® _{sr]}u_EtutuegoHq
w
_
c
 
]oHq	oH«slnep_FqSl7iB® _{sr]}n_FtntyegoHq
w
_iB® q_}nHeg_zepqluekªSh]_luh}u«]hip_FqDln_@£`igjWrjH}uoDeH·
¹
07	8:9
V
J
P
d




ﬂBva'

 > >
(­Ä< )$¢ $R<µÈ 	  )*Æ
|°ipht7Hq}jvig_^`_qSlFf_Fq	r}uoszZ]_rjv}noHe¯soHqj
w
oHrsln_hq]_@ipoDe
w
_@ikj²µoD}u^`_°·
R

J&%B


H ﬂBD 
±(j`ipoDeQr]}noHrOoDtu_rjH}-/_ekzZjH}
w
l ﬂBH'[zoHqtlne³lnh]_@h]q]_.«OoHqq]_@lu}jvqtyepluegoHq	_qSlu}n_@ikjipoDeQigepq]Ejveg}u_@_l7igj
igoHeÂigoHSjv}ne³lnZ]^`egªSh]_­·
R

JL: $ &('
"!
B ﬃMﬂ= $ %)'


HNM+* $ ,(' B ﬃ/º.-0/21#Byº


! ﬃ ﬃ^HÂº


!ﬃﬁﬃ3'4-5/21#Buº= $ <)< '


H
H ﬂBH 
^_^ ß`/a!b&cd
aS   &"!") , ,-//.#"! &

¡°ipig__Ftyl.tyoDh]H_FqDl.jHr]r]igegªSh]F_W_Fq=^`EzjvqegªSh]_ w _EtÊh]e w _FtF  Uq¼zoDqtljmln_WªSh]_igoH}tuªSh]_

ﬀF =]ÂoDq
}n_ln}uoDh]H_«]eg_qikj`ipoDeQipegq]Ejveg}u_ RJ

 U_.^`Á^`_D]oHq}n_lu}noHhH_igjWigoHeQigoHSjv}ne³lnZ]^`egªSh]_ ﬂBH #rOoHh]}


H}jvq w  
$s  DQ$*¸_ w egz ﬂy¦F§H§D§ U¥g¦F½¨Qr]}noHrOoDtu_h]q]_mjv}negjHqSlu_ w _@ikjigoHe w _./_ekzZjv} w l w _@ikj²µoD}u^`_°·
%B


HJﬀ%68^B


HCM % pB


H ﬂBS 
ogf % 8
w EtyegHq_~igj/igoHe w _#7_ekzZjv} w lﬀﬂÕD  _l %   _Ftyl*h]q_­zoDqDln}ueg«]hslnepoDq.zoD^WripF^W_FqSlnjveg}n_°ªDheHegqDln_}nfep_FqDl
igoH}tnªDh*® egixj w _Ft[_O_lnt w _@r]}u_EtutuegoHq:_l w _.zoDqfH_FzluegoHqQ 
±(j²µoH}n^`_/}u w h]eplu_ w _-iB® FªShjvluegoHq w _-ªShjHqSlueplu w _-^WoDh]H_F^`_qSl°_qÀFoHq]_ w _7r]}nofzZ_/rjv}noHe]tF® Ez}ne³l
ﬂÕ_qq]oHlnjvqSlD_l

ip_Et w eg}u_Ez¤luegoHqt­ljvq]D_qSlu__l7q]oH}n^jvig_  ·
X
X 

B
c
M
c  
H
X
R

X 

J
XN_
X
D
M
X
R
d

X
D
M
X
R

R
@
X 
ﬂBH 
ogf
c
 
J
"

P B ﬃ/º -5/21#Byº


!$*^= H H ﬂBH§ 
¡°qtuh]r]rOoDtnjvqSl.ªSh]_`ip_^`_F^«]}n_
w
_
w
}noHeplu_
w
_ ﬂÕD tuoHepl@zoHq]qfh _l._Fq ig_`^jvegqDln_qjHqSlzoHqtljvqSl£
r}uo½{seg^Weplu
w
_ikjWrjv}noHeD·
 J
XN_
X
D
M
X
R
d

X
D
M
X
R

R
@
X

ﬂÕaD 
egiH_EtlroStutueg«]ip_
w
® egqSluFH}n_}ﬀﬂBH Qjvr]}n\Ft*h]q
w
FH_igoHrr_F^W_FqSl(jvh@r]}n_^`eg_}(oH}
w
}u_~_Fq

w
_°i¯® _{frOoHq_qSlueg_igip_
ﬂÕeB  _H 
c
 
J
"

P ¤ "Ëi*Seg_qSl*·
%  B


H J

<'&ﬁ
c
"
P
ﬁ


"!

ﬃM
"


d
*`=

rOoHh]}


*^= ﬂÕa¦ 
% pB


HJ
 V
"
P
d

jHepigig_h]}t ﬂÕaS 
±*_Ft@_{sr]}u_EtutuegoHqt ﬂÕa¦ _lﬂµaf tF® FDjHipekty_FqSl._q

TJ &$ : " (#_lyln_:mjvig_h}._qSlu}n__q¼zoHqSlu}j
w
ekz¤lnepoDq
j½D_Fz`ikjigep^`eplu_

QJ *`=
w
oHq]q]F_:rjH} ﬂµa¦  U_z_²ÕjveplFigj5zoH}n}n_Fz¤lnepoDqhsluegipektu_j¢luzZ]oHektyeg_
w
_
²Õj oDq=£r_F}ylnh]}u«O_}ig_^`oDepqtrOoDtntyeg«]ig_ikjipoDe
w
_`7_ekzZjv}
w
lFOe¯  _D Âip_EtjHhslu_Fh]}tUh]luegipekty_FqSli¯® EªShjmlnepoDq
ﬂÕa¦ ­rOoHh}

 &$ : "_l7i¯® EªDhjmluegoHq ﬂµaf #rOoHh]}

O8 & $ :ﬁ"] 

 > I 
 < Æ $s $
;
Æ
;
'< DQ$
±­® _{fr}u_EtutuepoDq:ikjWr]ipht/HFq]}jvig_
w
_@iB® FªShjvluegoHq ﬂBH #_Ftyl.¥p¦Fam¨D·
P

J



c





X
º F
R $
º F

X





ﬂÕaD 
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 aS§
 
 
>ULOCEV?/CSADRBRÕA
>ULOCEV? DX½? A
	

	OH§


 (*, *]  .
0  #
] .'54#*#" 4%4 ./&"(+-+* %54 "ﬂ*
ogf  w EtyegHq_ikj4ljvq]D_qSlu_`£4ikj:rjv}noHe_l

Âigj:q]oH}n^jvig_£igjrjv}noHe¯ UjHqtigj}uEtyoDiph]luegoHq w _lxfr_
FipF^`_qSlnt6q]egtFHegi]_Etl­Zjv«]epluh]_Fi w _ w lu_F}u^`egq]_}­h]q w oH^jHepq]_[Oz¤luep²Qtyepluh-£igj w egtylnjHqz_5V w _/ikjrjv}noHe
}n_Fipig_@zZ]oHektyeg_ w _.tuoH}ulu_ªDh_@igjWigoHeÂigoHDjH}uepluZ^WekªSh]_tyoDe³l7mjvikjv«ip_ ﬂ egHh]}n_@H§'¤ 
±*_r]}uoD«]ig\^`_ w _.zoDq w epluegoHqt/jHhs{:igep^`eplu_Ft-ty_}jv^`\q]_@jHipoD}nt[£WigjW}nFtuoHighsluegoHq w _°·
º F
R $
º F

JL= ﬂÕaHa'
º F
R $
º F


c




 

  





º
ﬃ
= $ %
 !
BV



ﬃ
c





X
º F
R $
º F

X





HNM &iJL= ﬂÕaS 
ogfi¯® FªShjmlnepoDq ﬂÕaS ­rO_h]lUjvhtntuetF® Fz}neg}u_@tuoHhtikjW²µoH}n^W_Dq]F}uekªSh]_°·
X
º F
R $
º F

X 
Jﬀ%B
º F
R $
º F
 H°_Fq

J V ﬂÕaD 
|6jH}u\Etﬂy¥p¦Es¦½F¨ 	jK^`oHqSlu}nªDh_=ig_Ft	FªShjvluegoHqt
w
_´-j½feg_}u¿ËcSlno
Ì
_Ft:tuoHqSl	«]ep_Fq rOoDtu_Et	j½D_Fz¢z_Ft
zoHq
w
e³lnepoDqt-jHhs{ipeg^`e³ln_FtF  Ëi6zoDqfSeg_qSl
w
_HF}uep_F}  4#!
1."!"!ªDh__q zZjHªSh]_roDepqSl
w
h
w
oD^`jHepq_
Oz¤luep²~tyepluh].£ M V:¥g¦av¨D·
:)=




c





X
º F
R $
º F

X






r
 V>ﬃp=g=




c





X
º F
R $
º F

X






r
ﬂÕaf 
±*_Ft[zoDq
w
epluegoHqtjvhs{4igeg^Weplu_Et[tyh]}7¹4_l/»@t® Fz}uegH_FqDljHtnty_FÀ-qjvluh]}n_igip_F^`_qSl[tuh]}h]q]_rjv}noHetuoHht#igj
²µoD}u^`_°·
¹
 
JL=_l-»
 
J »

ﬂÕaD 
SÅigj
w
ektljvqz_.zluegH_(V
w
_#oDq5j4^`oHqSln}u ﬂÕFªShjvluegoHqt ﬂÕD [_l ﬂBva' 7ªSh]_iB® oHq¢rO_h]lhslnepigekty_F}Uig_Ft
}n_ikjmlnepoDqtQ·
¹
 


J
P
d




J

c
X
º F
R $
º F

X



r
ﬃ
d

_l-»
 


J
P
ﬁ

"
V
J
ﬃ
"
V

c
X
º F
R $
º F

X

ﬁﬃ
d
ﬂÕaD§ 
^_^ ß`/a!b&cd
H   &"!") , ,-//.#"! &

Uq w qe³likj5D}njHq w _h}Wj w ep^`_FqtyoDq]q]_Fipig_ V6/J 



 °±QoD}ntnªSh]_ V6 F =]6ig_FtW}n_ikjmluegoHqtﬂBH 
_l
ﬂBva'@q]_tuoHqSlq]oD}u^jHip_F^W_FqSlr]ight.mjvikjv«ip_EtzjH}oDqKty_	tyepluh]_ w jvqtikj¢tyoDhtzoHhzZ_4fegtnªSh]_htu_H
egqSlu_F}u^` w egjHep}n_oDh¢luh}u«]hip_FqDln_H Uq=j w ^`_lHFq]}jvig_^`_qSlªDh_W»`qQ® _Ftyl@rjHtUqfh]i°£4ikjrjv}noHe¥p¦Fam¨°_l
ln_q w D_}t#hq]_@mjvig_h]}[qep_D 
¸_ w ekz`¥p¦E½¨*r]}noHrOoDtu_ w ® hslnepigekty_F}7roDh]}-¹:_l-» w _Ft[}n_ikjmluegoHqt w _@igj²µoH}n^`_°·
¹
 


J
P
d


  ;
ﬂ¯v 
»
 


J
P
ﬁ

"
V
=?
!
B ﬃ)F
;
Mﬂ= $ <WB ﬃ/º
;
H
d
H ﬂ¯s¦ 
ogf
;
J
=?
!
B ﬃ)F
 B
rED
Hu -#_FtzoH}n}u_Ez¤luegoHqt:zoDqtyluepluh]_FqDl w _Etigeg^Weplu_Fh]}t w _¹ _l»¼£MikjKrjH}uoDe _igip_
rO_}n^`_lulu_qSl w ® feplu_F} w ® eg^`roSty_F} w _Et½jHip_Fh]}tlu}noHr ig_HF_Ft w _4z_FtD}njHq w _h}nt w jHqtip_EtÀoDq]_Ftogf
V6F = ]±Q_Ft[}n_ikjmlnepoDqtﬁﬂBH #_l ﬂ¯s¦ #jDtutuh]}n_qSl/ªDh_°·
¹

a
J
¹

	
P
d

e
BV

F =HJZ= ﬂ¯H 
_l-»


J
»
"
V
P
ﬁ


BV

F = HJ = $ < ﬂ¯v 
ŁDjv_FH_}~_l­-Zjmlyl ﬂ¥g¦Fm¨OzepluFt°rjv}7¥ F¨ 6hslnepigegtu_qSl­ig_/^`Á^`_7igep^`eplu_Fh]}°rOoHh]}°ig_7zjHigzh]i
w
_¹
 


^jHegt
r}uoDroSty_FqDl[h]q]_@igD\}n_UmjH}uekjvqSlu_rOoHh]}/ig_.zjHigzh]i
w
_ikj
w
egtntueprjvluegoHq@·
»
 


J
P
ﬁ

"
V
rOoHh]}5V

8 ﬃ = ﬂ¯ma'
»
 


J
P
 

ﬃp=
"
c 

V

ﬃp=

d
M
:
"
ﬃp=

	
a
ﬃ/º

V

ﬃ =

d
e
rOoHh]}5V

 ﬃp= ﬂ¯H 
¸oHZjH^W^j
w
e Å|~hepHl.¥p¦½E¨*r]}noHrOoDtu_qSl[ip_[_Fh
w
_mjHip_Fh]}nt/tuh]egmjvqSlu_Et[roDh]}-¹_l-»#·
¹
 


J
P
d




;
F »
 


J
¹
ﬁ ﬃ
d


ﬂ¯v 
ogf
;
J
=?
!
B ﬃ)F B

B
d
D D
H
d
Hu (±°® FzZ]_Fipig_
w
_`ipoDq]Hh_h]} 

zoDqDlnep_FqSl.ip_Et__lnt
w
® jH^`oH}uluektutu_^`_qSl
w
jHqtigj
}nDepoDq
w
_@r}uoszZ]_rjv}noHes_igip__Etl
w
oDq]q]F_rjv}*·
 J
"


ﬁﬃ! 
V'B ﬃ/º.-0/ 1
º5V6
:
"


ﬁ ﬃ! 

H ﬂ¯D 
  
  , ﬁﬀﬃ  ﬀK$,ﬃ% $2 ,
./ﬃ!ﬁ0 . 
ﬃ
±(jWzoHq
w
e³lnepoDq
w
_Dipektnty_F^W_FqSl/tuh]}/h]q^jvegigigjHH_^WoD«]egip_.tF® Ez}ne³l@¥ E¨S·
º F
R $
º F

J
º F

D $
º F

ﬂ¯v 
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 ]¦
_l7igjWfeplu_Ftntu_ w _²µ}uoHlylu_F^`_qSl/_Ftyl w ln_}n^Wegq]F_rjv}/}nFtuoHighsluegoHq w _°·
º F
R $
º F
 º
º F
R $
º F

D
P 
J %B


H ﬂ¯v§ 
ogf
º F

D w EtyegHq_ikj Seplu_Etutu_ w _ w rigjDz_^`_FqDl w _ikj tylu}nhzluh]}n_H ->-q]_	²µoHektªDh_ P  j5lu¢zjHigzh]ig_H
i¯® q]_F}uDep_zepqluekªSh]_luh]}n«]h]ig_qSlu__ligj w egtntueprjvluegoHq5tuoHqSl w ep}n_Fzlu_F^W_FqSlUoH«]lu_qfh]_Et7rjH}Uig_FtUFªShjvluegoHqt
ﬂBH'Â_lﬂÕHa' ﬂµ}n_Ftur_Ez¤lnepD_^`_qSl ﬂ¯v'Q_l ﬂ¯s¦  QigoH}tnªDh_­i¯® oDq.hsluegigegtu_#hq w oD^jvegq]_°zluep²rOoHh]}ig_zFjvikzh]i ¤ 
U_Ft-r]}nFzektuepoDqt7zoDqz_F}uqjvqSl/igj^`ekty__q @h]f}n_@r]}njvluekªSh]_ w _z_FtUzoHq w e³lnepoDqt w _rjv}noHeQtuh]}Uip_.rigjHq
qfh]^`F}uekªSh]_Hh]}n_qSl w jHqt[igjlnZ]\Ftu_ w _.¸_ w egz`¥g¦F½¨(rQ §S½¿©§D§] 
    ﬀ#n
 ', 
ËiOqQ® _Ftyl#HFq]}jvig_^`_FqDl#rjHt­roStutuep«ip_UroDh]} w _Ft°}jvektuoHqt w _Uzo  l w _UzjHigzh]i w _-}jm¬q]_F}#tuhs¬4tujH^¿
^`_FqDlUh]q¢^jvegipikjvD_@r]}n\Ft w ® h]q]_rjv}noHe*roDh]}-rOoHh]DoHeg}/ep^`rOoDtu_}Uip_Et-zoDq w epluegoHqt-qjmlnh]}n_igip_Et/_{srOoDtu_Ft
w jvqt[ikjcf_FzluegoHq S. ás  ] 
±(jtuoHighslnepoDqikjripht/tuoHhH_qSl/j
w
oDrsluF_@zoHqtyektln_jHipoD}nt£
w
q]ep}/hq
w
oD^jvegq]_z¤lne³²6£hq]_
w
egtylnjHqz_
w
oHq]q]F_ V
w
_igjUrjv}noHef}n_Fipig_
w
jvqtig_FªSh]_ifoDqeg^WrOoDtu_
w
_Ftmjvig_h}nt
w
_[i¯® Fq]_}nHeg_#zepq]luekªSh]_luh]}n«]h]ig_qSlu_
¹:_l
w
_@igj
w
ektutuegrjmlnepoDq	»@_Fqj
w
EªDhjmluegoHqj½H_Ez-ikjluZ]FoH}nep_
w
_ikjzoDhzZ]_ipeg^`e³ln_@luh]}n«]h]ig_qSln_H 
U_@²Õj oHqDq]F}njHip_Dsip_Et7_{sr]}n_FtntuepoDqt
w
_¹	_l»jvrrjv}jvektutu_qSl/igepF_Ft7£ikjzoDqSlu}jvegqDln_rjv}neplnjHip_D]_igip_
^`ÁF^W_
w

w
h]eplu_
w
_`ikjfeplu_Etutu_ljvq]D_qSlueg_igig_W£	ikj:rjH}uoDeB Â|~ightuep_Fh]}t²µoH}n^h]ikjmlnepoDqt-_{segtylu_FqDl
w
jHqtigj
igeplyluF}njvluh]}n_Hs_Fipig_Ft/tuoHqSl/r]}nFtu_qSluF_Ft
w
jHqt[ikj`cs_Fz¤lnepoDq S  ] 
XUh_ikjtln}uhz¤luh}u_/tuoHepl~jHh}n_rOoDtoDh_FqW^`oDh]H_F^W_FqSlF½oHq`j
w
^`_l­ªDh_ig_Ft6_{sr]}u_EtutuegoHqt
w
_Et6H}jvq
w
_Fh]}t
lnh]}n«]h]ig_qSlu_Et*}n_Ftylu_FqDl(epqzZjvq]D__Et
w
® h]q}nDep^`_­£7iB® jvhsln}u_D ½cs_h]ig_­ikj/}n_ikjmluegoHq@rO_}n^`_lulnjvqSl
w
_
w

w
h]eg}u_
ikjWfe³ln_Ftnty_
w
_²µ}novlulu_^`_FqDl ﬂÕ_l
w
oDqzigj`zoHqSlu}jvegqSlu_£ikj`rjH}uoDe #£Wrjv}ulueg}
w
hzZjv^`r
w
_@fe³ln_Ftnty_
w
oDe³l
Álu}n_@j
w
jHrsluF_rOoHh}[lu_qep}-zoH^`rsln_
w
_@iB® D_qSluh]_FiÂ^`oHh]D_^`_qSl
w
_@ikjrjv}noHe¯ 
^_^ ß`/a!b&cd
D   &"!") , ,-//.#"! &

 

$ $&7
('(/) )(' /)2
F)2	1[,.7.%	%51/)
±*_Ft#}uEtyh]iplnjvlnt­r]}uEty_FqSluFt w jvqt#z_-}jvr]rOoH}ul#zoDqtyluepluh]_FqDliB® ljvrO_7qjvig_ w ® h]q:z_}ulnjvegq4q]oD^«]}n_ w _
^`ekty_Et6jvhWroDepqSl~q]oHq`tu_h]ig_^`_qSl w h`zo w _/´Uc]  ~cm^jvekt~jvhtntue w ® oDhsluegigt w _#ln}njHe³ln_^`_qSl w _Et w oHq]q_Ft
_{srF}ueg^`_qSlnjHip_EtªSh]e*q]oHht[oDqSl[lu²µoDh]}uqep_Et[«]}uh]lu_Ft[rjv}/ig_[csY/¶ 

 	 k   n
n -ﬃ
±*_Ft	^jvegipikjvD_FtoHqSl	luHFq]}nFtrjH}cfeg^jvegi.ªSh]er_F}u^`_l w _z}n_F} w _Ft	^jvegipikjvD_Ft	H<q]oDq
tylu}nhzluh]}nFtF OU_Wq]oH^«]}u_Fhs{	lu_FtylntoDqDl w	 Álu}n__O_Ez¤luhFt w jvqt-ikj4^`_Ftuh]}n_ogf5h]q w oHhsln_tuh]«tuegtylnjHe³l
tuh]}/ikj²µoH}n^W_ w _Et/DjH} w _¿¯²µoHht w h	fegj w hz w _.¸egipikjvh* ±Q_Fh]}[²µoH}n^`_rO_h]l-_q__l-j½DoHeg}#hq]_@H}jvq w _
egqze w _Fqz_@tuh]}/i¯® EzoHhip_F^W_FqSl-jvh w _Ftntyht w h	lnjv«ipeg_}E 

   Oﬃ1n
ﬃ%Oﬁ2#",ﬃ1n    ﬃ%./ﬃ%  ﬁﬀ ﬀNﬁﬃ
|~ightuep_Fh]}t/lu_Etlt7oDqDl w	 Áln}u___Fz¤lnh]Ft-roDh]}-}n_ln}uoDh]H_F}/ip_Et-tuFªSh]_Fqz_Et w _.^`ovlt¿ËzigFt-£hsluegigegtu_}
rOoHh}#^`_lulu}n_-_Fq @h]f}u_-ip_U^Wo
w
\Fip_¹º»D S-_Et­^`o
w
epzjvluegoHqt#oHqSl
w
h4Áln}u_U__Fzluh]F_Ft
w
jvqt#ig_Uzo
w
_
jvq
w
® jHtntyh}u_F}°igjr]}negtu_7_qzoH^`rsln_-zoD}u}n_Fzlu_
w
h:^Wo
w
\Fip_¹Uº	»
w
jvqt#ig_7^`o
w
h]ip_
w
_UzoHh]rigjHH_/Êhe
w
_
tylu}nhzluh]}n_H  S iB® Z]_h}u_`jHzluh]_Fipig_Hig_^`o
w
\ig_¹`ºM»W²µoHqz¤luegoHqq]_WzoH}n}u_Ez¤ln_^`_qSlUj½D_Fz.igoHe
w
_WrjH}uoDe(_Fq
}nDep^`_tljmlnegªSh]_@_l-tujHqtipoDe
w
_rjv}noHeÂ_Fq}nDep^`_@tylnjmlnegªSh]_oDh
w
xSqjv^`egªSh]_D 
±*_Ft[r]}negqzegrjvig_Ft[}noHh]luegq]_Ft/z}uF_FtoDh^`o
w
ep_Et7tyoDqSl*·


 4#*"ﬂ
 
ﬁ4·ftlnofz
Ì
jHH_
w
h`^Wo
w
hip_
w
_/ikjfe³ln_Ftnty_/£ikjUrjv}noHe¯ v#_lyln_/}uoDhsluegq]_/hslnepigegtu_/h]qWzZ]eg_}
"ﬂ&
 

 	
z}uFegq
w
Fr_Fq
w
jH^W^`_FqDl
w
h zo
w
_Wrjv}ig_r}uoDH}jv^`^`_  %
"ﬂ	&
1	
 
-ªSh]e~zoDqDlnep_FqSlig_Ft
q @h
w
t
w
_`rOoDtue³lnepoDq
w
_Etzjvr]lu_h}ntjvegqtue~ªDh_ig_Ftq @h
w
t
w
_FtroDepqSlt
w
® _FqSlu}n_
w
h=^jvegigigjHH_H 
#_lulu_@}noHhslnepq]__Etl-jDz¤luegHF_rjv}[ig_@^WoHl-zig 
	

   	 ﬃ¤


 4#*"ﬂ
  
ﬁ·Stlnosz
Ì
jHH_
w
_ikj7r}u_EtutuepoDqQ
w
_7¹
w
_»S
w
_*P

_l
w
_

£-ikjUrjv}noHe¯  >7luegipektu_#FDjvig_¿
^`_qSlig_7OzZ]ep_F} "ﬂ&!
 

 	
¯ f#_lylu_U}uoDhsluegq]_U_FtyljHzluegHF_7rjv}#ip_Et­^`oHlntzigFt 
	

  	 ﬃ
j½H_Ez    

      


    _l


  
 
  


 4#*"ﬂ 
 
ﬁ ﬂÕ}uoDhsluegq]_$4"ﬂ&)!*/
2
  ·}uoDhsluegq]_
w
® _{fln}njDz¤luegoHq
w
_ikj4r]}n_FtntuepoDq¢jvh]D^W_FqSlu_
w
_Ft
zoDqDln}ueg«]hslnepoDqt[fegtnªSh]_hty_Et ﬂB£`}uFfegtu_} ­jHr]rO_ig_@rjH}ig_@^`ovl-zip 


    	 ﬃ




C%*
1 
  
ﬁ4·jvhq]epD_FjHh
w
_Ft[tuoH}ulueg_FtFHig_zo
w
_
w
lu_Ez¤ln_Ui¯® jHr]rO_i
w
h:^`o
w
\Fip_@¹º»_l[r]}no
w
h]e³l
w
jvqt/z_.zjDt
w
_FtOzZ]ep_F}nt[rOoHh}-¹]»._l
c 
_{fripoDe³ljv«]ig_FtrjH}/ip_@igoHDegzep_FiW _ 
* 



 
ﬁ·igjWigoHe
w
_@rjv}noHeQjWln@^Wo
w
epF_rOoHh}7epqSln}uo
w
h]eg}n_
w
_Ft[igep^`eplu_h}nt7tuh]}-¹:_l-»jvegqtyeQªSh]_
roDh]}/rOoHh]DoHeg}/_{flu}jveg}u_ikjfeplu_Etutu_
w
_²µ}uoHlyln_^`_qSlP ] 

 
  $ -$ . ./ﬃ%   23$W   ﬀ23$W
ﬀﬃ%
|°iphtueg_h]}tWr]}uoDH}jv^`^`_FtoHqSl`luz}uFFt`jmq
w
® _{sr]igoHeplu_F}Wig_Ft
w
oDq]q]F_FtW_{srO}nep^`_qSljvig_FtW_lqfh]^`¿
}nekªDh_FtQ· 
"ﬂ/ &"!,
 
L %
"ﬂ	&
1	
 
L &%."ﬂ
 
 


|~}noHH}jv^`^`_ 
0"ﬂ*  &"!,
 

Y*}jvqt²µoD}u^`_ip_OzZ]ep_F}/«]egqjveg}u_
w
_
w
oHq]q_Ft7_{srF}ueg^`_qSlnjHip_Et[_qh]qzZep_F}5SUc  ¤ ¡6_Fzluh]_
tyeg^hi³ljvq]F^W_FqSlWig_:ln}njHe³ln_^`_qSl
w
_	z_Ft
w
oHqq]_Et_lWig_h}WzoHqfH_F}ntuepoDqKjmq
w
_}n_Ftyluepluh_}
w
_Ft
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 H
}uEtyhi³ljmlnt-_q5|6jDtuzFjvikt O#oD^`rslu_lu_qfh w h²ÕjveplªSh]_.ig_Ft-zZ]eg_}t7«epqjHep}n_Ft w ® oD}uegHegq]_.q*® oDqDlrjHt
luoDht@ig_W^`ÁF^W_`²µoD}u^jvlFÂegi~_{segtylu_hq5zZep_F} w _`lu}jveplu_F^W_FqSl 
"ﬂ*  &"!,
 
roDh]}.zZjHªSh]_`^jm¿
ªSh]_lulu_H ~±*_4zZ]eg_}Wr]}no w h]epl
ﬂµ_{flu_qtyegoHq
 
	
2Wj¢ig_4²µoD}u^jvlWtuh]epmjHqDlE(rOoHh}h]q]_	^jHªSh]_lylu_
zoD^WrOoH}ulnjHqSl

zjHrslu_Fh]}nt*·


¦F\}n_UigegHq]_°·qSh^WF}uoHlnjvluegoHq w _Ft/zjHrslu_Fh]}t w _.`£

MﬃH


v\^`_ipegHq_°·sepqtljvqSlFsr]}n_FtntuepoDqt[jvhs{zFjvrsln_h]}t¦@£

sr}u_EtutuepoDq w xSqjv^`egªSh]_@£iB® jv^`oDqDl
w _@igjW^jHªSh]_lylu_D


H\^`_ipegHq_ _l5tyhepmjvqSln_FtQ·[e w _^+m\F^W_igepDq]_H 7±(j r]}u_EtutuegoHq w xSqjv^`egªSh]_}n_r]}nFtu_qSln_
= $ &^h R
d
 #_lylu_H}jvq w _Fh]}[_Ftyl-}n_ikjmluegH_F^`_qSl7r_Fhepq]Êh]_qz_@rjv}7ikj`r]}nFtu_qz_ w _.i¯® oD«t¿
ljHzip_U_l#FHoDiph]_-r_Fh:jvh:zoHh]}t w hlu_F^Wrt scsj.mjHip_Fh]}­^`omxH_Fq]q]_7_Etlhsluegigegtu_UroDh]} w lu_F}y¿
^`egq]_}/ikj`fe³ln_Ftnty__O_Ez¤luegH_@£Weg^WrOoDtu_}7zoH^`^`_@zoHq w e³lnepoDq w ® _FqSlu}n_ w h^`o w \ig_H 


|~}noHH}jv^`^`_- 	
"ﬂ%.
E
 

¡6{flu}jvepl­ig_Ft~q]of_Fh w t°zoH}n}u_EtyrOoHq w jvqSl°jvhs{rOoDtuepluegoHqt w _Ft­zFjvrsln_h]}t~jvegqtueªShQ® jvhs{WroStyepluegoHqt w _Ft
roDepqSlt-tue³lnh]Ft7£`i¯® _qSlu}n_ w h^jvegigigjHH_H ]±*_.r]}noHD}njH^W^`_HFq]\}n_h]qzZ]eg_} ﬂÕoH«]igepSjmlnoHeg}u_F^W_FqSl
jvr]rO_ig "ﬂ!!
 

 	
_l/tuepluh] w jvqt#ig_^WÁF^`_}nrO_}uluoDep}n_UªSh]_z_FipheOogf:ig_zo w __Ftylikjvqz  w oHqSl[ip_
²µoH}n^jml/_Ftyl*·


¦F\}n_UigegHq]_°·q]oH^«]}u_
w
_@r]ikjvqt
w
_.zoDh]r_ ﬂÕHq}jvig_^`_qSl@¦ 


v\^`_ipegHq_°·sq]oH^«]}n_
w
_zFjvrsln_h]}t

ﬂÕva`oDh	Stuh]egmjvqSl/ip_Et[^`jDªSh]_lulu_Ft ¤


H\^`_~igepDq]_°·qfh]^`F}uo
w
h.zFjvrsln_h]}Eqfh]^`F}uo
w
h@qoS_Fh
w
jHtntuofzepDzofoD}
w
oDq]q]F_Ft
w
hzFjvrsln_h]}
ﬂ      


 g g 


igegHq]_

MO:[·e
w
_F^"v\F^`_@ipegHq]_rOoHh]}/ig_.zjHrslu_Fh]}




igegHq]_

Mﬂ</·q]oH^«]}u_
w
_@q]of_Fh
w
t/£WiB® _qSln}uF_H


igegHq]_

M%_l/tuh]egmjvqSlu_EtQ·se
w
_^ ipegHq]_.s^jvekt[roDh]}/ip_Et[roDepqSlt
w
® _qSlu}n_D 
#_:OzZ]ep_F}_Etljvrr_Fip
w
jvqtig_	zo
w
_H ~±Q_r]}noHH}jv^`^`_  	
0"ﬂ	&
1	
 
._Etl`ln}uoDe³ln_^`_qSligeg	jHh
zo
w
_D  Ëi7eg^WrOoH}ulu_
w
_ip_ikjvqz_}j½mjvqSlip_¢zo
w
_roDh]}4z}n_F}ip_OzZ]ep_F} "ﬂ&
 

 	
/hsluegigegturjv}
´Ucs  ~c 


|~}noHH}jv^`^`_-)ﬀ &%."ﬂ
 

jvikzh]ig_/ig_Ft°zoS_¬4zeg_qSlnt~jH}no
w
xSqjv^`egªSh]_Etrjv}°egqSluFH}jmluegoHq
w
_Ft°_oH}ulnt~£@zZjDªDh_egqtylnjHqDlE H±Q_
zjHigzh]irO_hsl#Álu}n_/__Fzluh]Uj½H_Fz[ig_Ft°}uEtyh]iplnjvlnt~_{srF}ueg^`_qSlnjHhs{oDh`j½D_Fzig_-zZjv^`r
w
_7r}u_EtutuepoDq
zjHigzh]ipqfh]^`}nekªDh_^`_qSlF 
±Q_r]}noHD}njH^W^`_	z}n_h]q zZ]eg_}ªSh]e-j=ip_^`Á^`_²µoH}n^jmlªSh]_ip_	zZ]eg_}!
0"
 
	
2	Hq}n
rjv}/ig_@zo
w
_D ]±Q_Ft[}nFtuh]iplnjvlnt[tyoDqSl/tyluosz
Ì
Ft[tyoDht#²µoH}n^`_
w
ep^`_qtyegoHq]q_igip_^jvekt[igj`tylu}nhz¤lnh]}n_
w
h
r]}noHH}jv^`^`_r_F}u^`_ljvektyF^W_FqSl
w
_/r]}nofz
w
_F}°£h]q]_7j
w
ep^`_FqtyegoHqqjvigegtnjmlnepoDqQ D#ZjDªDh_/ipegHq]_
w
h
zZ]eg_}HFq]}n-j@ig_7²µoD}u^jml[tyhepmjvqSl*·S|6jHt
w
_7ln_^`rtFS|oH}ulnjHqz_ ﬂµe¯  _tyhepmjvqSl*D ¤fY(}nj`jkq]F_ ﬂÕeB  _H 
tyhepmjvqSl

¤¸oH^`_qSlF 
^_^ ß`/a!b&cd
va   &"!") , ,-//.#"! &


 k  ﬀN$Oﬁﬃ -$   ﬀ
'./ﬃ
±*_Ft^jHz}noDt w _H}jvrZ]egtu^`_UªSh]eÂoDqDl[lnz}uF_Et­²µoDqz¤lnepoDq]q]_FqDl/tuoHht/cszepikjv« ﬂµikjvqzj½D_FzUigjWzoD^¿
^jHq w _ .&]+E3   Y*oDhslu_Et[ip_Et[^jHz}noDt#²µoDqz¤lnepoDq]q]_qSl-tu_igoHq	ip_@^`ÁF^W_r]}negqzegr_­·


¦H z}uEjmlnepoDq w ® h]qoH«s_l7jHtntyoszeg@jvhzZ]eg_} w _ w oHq]q]F_FtF


s s²µoD}u^jvlnjvD_ w _.z_l7oD«s_lE


] ]ikjvqz_^`_FqDl w _ikj`r]}nofz w h}u_H}jvr]ZegªSh]_D 
±*_Ft[^jHz}uoSttuh]egmjvqSlu_Et/tyoDqDl w ekturoDq]ep«ip_EtQ·


Ã ]È ½Ä ,-%."ﬂ4"ﬂ C 
 
..E·/z_lyln_^jHz}no_Ftyl4igjripht4hsluegipektu_H ¡~igip_ln}njDz_¢tuh]}h]q]_¢^`ÁF^W_
Hh}u_`ikj^WomxD_q]q_ln_^`roD}u_Fipig_ w _ DK_l

jvegqtue°ªDh_iB® epqSln_}n½jHipig_ w _4zoDqsjHqz_£§D  ﬂµoDq
tyhr]roSty_/hq]_/}uFrjv}uluepluegoHqWDjHhtntyeg_q]q_ w _Et w oDq]q]_Et6_l­oDqln}njDz_[ikj^WomxD_q]q_ mFzFjv}ulQlxfr_ ¤ 


Ã ]È ½Ä ,-%."ﬂ!4U"ﬂ ﬃ*24U.%],
  
..½·slu}jHz_[tuh]}­D}njHr]Z]ekªSh]_Ft w ektlnepqz¤lnt­ip_Et°zZjH^Wrt~j w eg^`_qs¿
tyegoHqq]_ikt@jvhslnoHh]} w _i¯® oH«tylnjDzig_ w _­·ÂiB® q]_F}uDep_zepq]luekªSh]_Wluh]}n«]h]ig_qSlu_4¹*igj w ektutuegrjmlnepoDq=»SÂigj
fegtnzoStyeplu`lnh]}u«h]ip_FqSlu_
c  
*ikj w ektljvqz_4£iB® oH«tljHzig_%ﬂÕj w ep^`_FqtyegoHqq]_igip_  w ® jvr]r]igekzjmlnepoDq w _igj
ipoDe w _rjH}uoDe ﬂ

¼oDh V6 ]ig_^`o w h]ig_ w _@ikjWSeplu_Etutu__l7ikjWSeplu_Etutu_ w _²µ}novlyln_^`_qSlPs 
® jvh]lu}n_Ft[^jHz}uoSt#_O_Ez¤lnh]_qSlUtu_qtueg«]ip_F^`_qSl/ip_Et[^WÁF^`_Ft/oDrF}njvluegoHqt*·


ikj^jHz}no , 	&"ﬂ!4U"ﬂ ﬃ* 4/.%*],
 
..__Fzluh]_/ig_lu}jHz
w
_Ft6H}jvq
w
_h]}t6j
w
eg^`_qtuegoHq]q]_Fipig_Ft
¹ﬂµoD«s_l » ﬂÕoH«s_l  P
ﬂÕoH«s_l _l

ﬃﬂÕoH«s_l   


ikj^jHz}uo , 	&")4U") ﬃ  4/
 
.&­__Fz¤lnh]_4ig_Ft@^`ÁF^W_Et@oHrO}jmlnepoDqtªSh]_igj^jDz}no	r}uEz¿
w
_qSlu_@^jvekt[ikj}n_r}uEty_FqDljmlnepoDq:_Ftyl
w
eg^W_FqtuepoDq]q]_igig_H 


Ã ]È ½ÄO ,-%."ﬂ4"ﬂ C+ & .4
 
&.ﬁ$SÆ ,-%."ﬂ4"ﬂ C+ /#,
 
.&½·­z_FtW^jHz}uoSt.__Fzluh]_FqSlWig_Ft
lu}jHzFt
w
_Et°zof_¬4zep_FqDlt~jvF}uofikjHtyluekªSh]_Ft ﬂÕzof_¬4zeg_qSl
w
_[ln}nj`jkq]F_H
w
_/rOoH}ulnjHqz_[_l
w
_/^`oH^`_qSl 
tyh}/h]qepqSlu_F}umjHipig_
w
_lu_F^Wrt
w
oHqq]H #_Et/zof_¬4zeg_qSlt[oHqSl7roDh]}/_{sr]}n_FtntuepoDq@·

	KJ
9B GIH
r
d
h R
d
# 

	 9E8
 
7

 

J
_
B5GIH
r
d
hR
d
#
 9
 
 
J
 G B5GIH
r
d
hR
d
#
d
ﬂBH 
o)fZR _Etlikj=feplu_Etutu_	£ i¯® _FqSlu}n_	_l #4~h]q_
w
ep^`_qtyegoHq zjH}njDz¤luF}uektyluekªDh_
w
_i¯® oD«tljHzip_ ﬂµ_Fq
HFq]}jviikj`ipoDq]Hh]_Fh]} ¤ 



*Æ$f4 ]È mÄO°·


^jDz}no ,-%."ﬂ4"ﬂ C
1.,4/
 
.&½·z_lulu_@^jHz}uo_Ftyl[h]luegipektyF_roDh]}lu}jHz_F}[iB® DoHighsluegoHq:lu_^W¿
rOoH}n_igig_
w
_@igjWr]}n_FtntyegoHq_q]}n_Degtylu}n_jvh	q]egH_Ejvh
w
® hqzFjvrsln_h]}E 


^jDz}no, 	&"ﬂ!4U"ﬂ ﬃ,-ﬀ%.+
 
..½·°r_F}u^`_l
w
_:lu}jHz_F}ig_Ft}uEtyh]iplnjvlntr]}uomD_qjHqSl
w
_
w
_Fhs{
tueg^h]ikjmlnepoDqt[qfh]^`}negªSh]_Et#rjv}/_{s_F^Wrip_.jHepqtueQªSh]_ip_Et/}nFtuh]i³ljmlt#_{srF}ueg^`_qSlnjHhs{Â 


^jDz}no U
1*#"
 
&.W·flu}jHz_ig_FtroStyepluegoHqt
w
_Ft[zjHrslu_Fh]}t
w
_^`_Etyh]}n_£rjH}ylnep}
w
hzZ]eg_}
4
0,-&#"
  

 	
¯ ]±Q_Et[qSh^WF}uoSt
w
_Ft7zFjvrsln_h]}t[tyoDqSl[FDjHip_F^W_FqSl[egq
w
ekªSh]Ft-tyh]}/ig_H}jvr]Z_H 
L^
 	
	ﬀﬂﬁﬃ !#"$%&(')*#+&,-./
0*#
1*#"	$
2	3&."(%54#*/
0 D
  1

1/'7:/)
¥p¦¨   LS-^jvq w oDip\Ety_D °jvige w jvluegoHq¼_{frO}neg^W_FqSlnjvig_ w hMzo w _ w _:tueg^h]ikjmlnepoDqK´Ucs  6cÂ ¢Y*_EzZ]q]ekzjvi
7_rOoH}ul/¿n]±6|#U¸jH}uq]_ikj °jvigipF_Hcf_Frslu_F^«O_}@¦E§H§H§ 
¥ m¨@|  ¡/ (¶oDh]}uq_l@jvq w ´.  Uj Ì eg^We¯  ipo jv}noHh]q w j	«]h]ig« tuZjvrO_ w «Oo w xH 4Y(_FzZ]q]ekzjHi~/_rOoH}ul¿n
´-h]^`_FzFj ËqDlE c#S¶}uhtntu_ikts´7omD_^«_F}¦E§H§D] 
¥ v¨.Ł  |( ##oStln_FtF  U], #+
/ U#, '."! &/& 	! ')*#+., ./
0 
,- 14
 
'&"! ./! !#" . &*"!
1 
,-./

 
'.
1'."ﬂ 
 .&¤  w xfqjv^`ekªSh]_ w _Ft[Êh]e w _Ft[_l w _Ftln}njHqt²µ_F}ylt>-q]egH_}tue³ln w _.´-jvqSln_Ft m¡°zoHig_
#_FqSlu}jvig_ w _.´-jvqSln_FtFÂ¦F§H§D] 
¥ aH¨U ##}n_^`oDqj] ¼±Q_EtoDhsluegikt w _	ikj5zoHqz_rslnepoDq jH}no w xSqjv^`egªSh]_ w _FtWrOoHqSlntF  Ëq &/
2'&")%.
0* 
,-'/ ./&-./
"ﬂ   #	! &
5
"!/.
0#"ﬂ&

*]+ ./ 
 
%*"ﬂ
2
 
/ ./  

&,- .!! *

*,(]
2'  .&U
0  &/(&
 /
 
U &/]rjHH_Ft¦½v


¦FD]s#ZjmlnoHhQ]´-omH_^«_F}¦F§H§D§] 
¥ m¨U (UjH}uD_qSlF 

*/
"!03!#
  + , ﬀ%'. .
 % +* 4 ."* 	 4 ]/*/
0   
/%& %
!]]+ 
	& #
2#"  	3!!
1	& ! % &"!,- 4 "ﬂ*]+'& '24 4#' ./ °r]ZfxstyekªSh]_7_l/zZ]eg^`ep_ w _-i¯® _qffep}noHqs¿
q_^`_qSlF!Ëqtlne³lnhslU´UjmluegoHqjviQ|oHigxSlu_FzZegªSh]_ w _@Y(oHh]igoHhtu_HÂ¦E§H§D] 
¥ v¨@´ EU_mjHhs{Â   ﬀ%'. .
 %&C
2&/*  	    *+   U4	4U
  *+&##%   ')*#+., ./

*#
1*#"$ #
2,-	3&]+&¤ ~^`jvluZ]F^jmluekªSh]_Ft[jHr]r]igegªSh]F_FtF'>-q]egH_}tue³ln
w
_@|oHeplueg_}tFf¡­´Uc]¸ S]^jve
¦E§H§D] 
¥á½¨U  jv}nZjmlEE¶  %UoSoD«]htFEjHq
w
 vY*}jvqQ scfeg^h]ikjmlnepoDqoH²HoD}yln_{.tyZ_
w]w
egq]
w
oH^`egqjmln_
w
Êo7t*rjDtl
}negHe
w
jHq
w
Ê_{seg«]ip_.tylu}nhzluh]}n_FtF  Ëq

*, 4#
1*
0** ,-&

 
ﬀ  &*"   # 1!
0"!/.
0#") ]/
2&")%.
0*
rjvH_Et¦


v§] sYjvr]eg}Ef´-oH} j½xD ]_«}uhjH}ux5¦E½¿¦F§:¦F§D§H§] 
¥ v¨  ikjv^jvq
w
jvq
w
¾W 7¾}nepigikjvh
w
 2¸_Etyh]}n_
w
hzZjv^`r
w
_=r]}n_FtntuepoDq jvhslnoHh]}
w
_5^jDªDh_lyln_Ft
tu_FzluegoHq]q_igip_Et7}n_r]}nFtu_qSlnjvluegH_Et
w
_@lnjH«]ipeg_}t
w
_.roDqSlntF Y(_FzZ]qegzFjvi(7_rOoH}ulU¡°´/¿2S-¡§H§]  H§4U
[c]Y/¶U´-jvqSln_FtFŁvh]q_¦F§H§D§] 
¥ §v¨#oD^.ln_¿Ë¶#_FipigovlE *¾W *jvq
w
c 6#oH}tyegqQ cfep^`r]ig__hip_F}uekjvq=lueg^`_¿ËzoH}n}n_ikjmluegoHq5ov²²µh]ipi#jvq
w
qjv}n}no[¿
«jvq
w
H_igoszeplx@tyegHqjHigt*epqH}ne
w
¿¯D_q]_F}njvlu_
w
ektyoHlu}noHr]ekz6lnh]}u«h]ip_Fqz_D 
 
ﬁC# 
 
 
maD· Sm


Hff
¦E§Ss¦H 
¥g¦Fv¨@¸¼ ŁHjH_H_F}#jHq
w
¾W sUZjmlulF  S7q_{flu_Fq
w
_
w
¹º¢»qe³ln__Fip_F^`_qSl^`o
w
_FiB  !U
1."!*

 

 
$#, ."
 
.

 
WﬁC# ¤*¦Fa·g¦FSH


¦FHaSss¦E§H§Ss 
¥g¦H¦¨.U  ¶ fŁH_qtutu_q4jHq
w
Y  %#mjv^t
w
jvi¯ *#oH^`r]hsljmluegoHqjvi^`_luZ]o
w
t­²µoH} 6c ©¿Ëcfeg^higjvluegoHqt­ov²*tuip_Fq
w
_}
«}ue
w
H_Et/oHqZ]egHZrO_}u²µoH}n^jvqz_@zoH^`r]h]lu_}tF ﬀËq

,4U#
2
 L, .

 
 &"   # 1!
0"!/.
0#")
]U
1."ﬂ	&
]rjvD_Ft/¦


aS] fY(jHr]eg}F]´-oH} j½xD _«]}nhjH}ux¦½½¿¦F§4¦E§H§D§] 
¥g¦Em¨¶  ¡/ ]±*jHh]q
w
_F}/jvq
w
  ¶ cfrjvi
w
egq] 6Y[Z]_qfh]^`_}negzFjviÂzoD^WrhslnjvluegoHq:oH²Qluh}u«]hip_FqDl[Êo@ 

, 
4#
1." &

 
ﬀ ]  4	4U )
 
*/&(    
*] )."!]
H· HH§


vD§]¦F§Sma 
¥g¦Fv¨@¾W f¸_
w
egzH   
/%,-

 
'., *
0 ./%& ,- & !W*(
1. !/%    *+  &
_!],(#+*
0* / 
,-'."! &/ '#+., ./
0 
#"3&#+&U
 !#" 4#*"ﬂ   R& &
 , E3!]+&¤ f^`jvluZ]F^jmluekªSh]_Ftjvrr]ipekªSh]_Et
>-q]egH_}tue³ln|°ep_F}u}n__lU¸jH}ueg_#h]}ueg_@|6jv}negt  ¤Q¦F§D§H§] 
¥g¦aH¨¶ Â¸oHZjv^`^j
w
ejvq
w
 O|~ep}noHqq]_FjHhQ  *  !  (

 


L4/!]+  #"3&#+&  ﬀ%.  #oDi³¿
ig_FzluegoHq/_Ety_Ejv}zZ:egq S-r]r]igep_
w
¸_FzZjHq]ekztF ¸jHtntyoDqQs|6jv}negtFÂ¦F§D§va 
¥g¦Em¨¶ H¸oDZjv^`^j
w
efjHq
w
¾W v|~h]egvlF O¾_q]_F}njHipegÀ_
w
[jvigiD²µhqz¤lnepoDqt²µoH}6Z]egHZs¿Ëtur_F_
w
tu_rjv}jmlu_
w
Êo7t
omD_}/j
w
egjH«jmlnegzjvq
w
ektyoHluZ]_F}u^jHi jHipikt L4 &".*/*_, ,(#U
 
^_^ ß`/a!b&cd
H   &"!") , ,-//.#"! &

¥g¦Fv¨@cÂ  S v´ﬀ>U¸¢¡# S. "egq]_­¿Q´-h]^`_Fzj® tigo ËqDln_D}njvlu_ w ¡~qfSeg}noHq]^`_qSl(¿hty_F}(^jvqfhjHiB f¶}uhtutu_ikt
¦E§H§D§] 
¥g¦½½¨.U ]|6jH}u_Et¸j w }noHqjHiB   
0/	 ,-

 
'., *
0 ./(.
 !4%4U") 	], *
0*U#, '."! &/(% &/. ./! 4U"ﬂ 
3& ., & * ], ]
1& % + ,-'/ ./ %&   #	!¤ M|~Z luZ]_Etyekt >-q]epD_}tyeplu w _|jH}uekt  ¤
¦E§H§Ss 
¥g¦Fv¨.U #|jH}u\Et ;>7q ln}njHe³ln_^`_qSl`²Õjveg«]ig_rjv}FipF^W_FqSlntWq]ekt w _ikjzoHq w e³lnepoDq w _Higegtnty_F^`_qSl`tuh]}
hq]_4rjH}uoDe~roDh]}.ig_Ft@EªDhjmluegoHqt w _:´Uj½Seg_}u¿cSluo Ì _FtF 

 

 
)	
 
 &
 
  "! - '&"
 
 

 
 

DSs·p¦E]¦


¦FD]]¦E§HH 
¥g¦F§v¨@cÂ D|~egr_F}uqo ´7h]^`_}nekzjvityeg^h]ikjmlnepoDqoH²Qjv_}nof_ikjHtyluekz­egqtylnjH«]epigeplueg_Ft°oH²O_Fip_F^`_qSlnjH}ux.«}ue w H_ w _Fz Ì t 
Y(_FzZq]egzFjviQ/_FroD}yl--[¿©SmaS§]'´- S´7omD_^«_F}¦E§H§D] 
¥ávv¨ Â|~eg}noHq]q]_EjvhQ  '.

 
	! %& '.+'., ./
0 C/ 4#*#"(+&   #	!¤ W#oDipig_FzluegoHq5/_EzZ]_}zZ]_Et-_Fq
¸¢jmluZ^jmlnegªSh]_Et S7r]r]igekªDh_FtF ¸jDtutuoHq*]|jH}uektFO¦E§HD] 
¥ás¦¨  [/o w e¯   #"3&#+&  ,-	&  

 
.]"4%4
 ]
 
%")#&    
2
2  

 
 "!

") ﬀ ~ ﬀ¤  S  @  . g*¦E§HHa 
¥áHm¨.   DcszjHq]ikjvqQ  UqluZ_7tljmlu_[oH²tylnjH«]epigeplxzoDqtye w _F}njvluegoHqt*²µoH}°tuhtur_Fq w _ w ¿©turjvqW«]}ne w H_Fth]q w _}
/egq
w
 Ëq   "ﬂ] 
W     
 
   , 4  !]#,WrjHH_Et-v§S


¦F%@jH}uiktu}uh]Z_H¾_}n^jvqfxH
¦E§Sv§] 
¥ávv¨.   (cszjHq]ikjvq=jHq
w
Ł] áŁ] ÂY(oH^
Ì
o  S7eg}u²µoHegi°jvq
w
«]}ne
w
D_
w
_Fz
Ì
Êhslulu_F}
w
_}nepmjvluegH_FtF   *#"!ﬃ 


 
   
*] )."!]
 
 
U!     !*   

§f ﬂÕ¡#¸ ·p¦mf¦½


¦mmSsHU_Fz_F^«O_}@¦E§Sf¦D 
¥ámaH¨@Ł  # 6cfegq]eB  ﬀ%'. .
  '# &,-&U
 
#"3&#+&U
 03&"ﬂ& 3!*], . !U.      &
0 %
  *
0
2	3&]]
2'   W*4#*	
 
$& , ]& !
0"ﬂ*
0  ' O^`FzFjvq]ekªSh]_
w
_Ft°Êh]e
w
_FtFg>-q]egH_}tue³ln
w
® S-e³{f¿
¸¢jv}ty_Fepigip_ ¤Q¦F§DH] 
¥áHm¨ﬂ%`   jDtyZ]egÀh* S.  UZSxSj]W  -lntuh
Ì
eB(jvq
w
%` hmepe¯  S[_F}uof_FigjDtlnegzWegqtljv«]egige³lx=ov²[}u_Ez¤lnjHq]HhigjH}
zxfipegq
w
_F}nt[egqjZ_Fj½fepqW^`o
w
_D  
 
 #   03&"ﬂ
v§ ﬂB ¤·g¦F§D


]¦F]¦F§Sv] 
L^
Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)
Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)
  	


  
ISSN 0249-6399
